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f:7 : eJV777,A-#>t 1 7*JV77^yij3>*-;^ frbftk ? $/~7<D$i 

frbmiZfitzttPc^^Lx^h, ry^^^-xmmt ; 
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[If ^ 18] 

flf^Ijl 1 3!S«<7)£M^S7>?-1^-XH£^T, 
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il7>f-t^-X 0 
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tfffS/^; 7&mm<DMtiuK&LTit, m^Vr&mm*. Tat, TaCfc, TaNt 
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[ffi^Jl 2 8 ] 
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- co» 3 «s^M^ng-r i-aciot, iris 7 > f - 1 a - t tfrie/^ <j 7 

[tt*« 3 0 ] 

[H^3 1] 

»^J|2 4fSf^7r£^£;^-C, 

tff|S7>f-1i^-X^JgcoB^^^tT(i, 7^JV7 ->'J n Ktf^fc* 

[» ^ 3 2 ] 

»^H2 4!SS<07r&^i3^T, 

t, 7^;V777.#-^>7^ib&£|l2Jit, 7-t^7 7Xtfty'j3>^f)^^f 31 

t, wt^tmt^m 
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Tym.x.-XoTMW&ZM&'t&o 9 yyxTyy'yycotmii, mBMvtmKft 

X#f4S 7 * 7 r 7 * - # y * & m& K it & h t \t 7 y M £ «£ o T 

K-e>^$ti^r^jv7r^*-^>*^ri-s^^*i. ffflxjf s i ns fctts i c t 

[ 0 0 0 6 ] 
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Sit^T* ft «\ J^T<om »*> <7) k $ £^ PS$£T& & ^>-ci± 

[ 0 0 0 8 ] 

^Mfr^M T 7 f - 1: - X \$ , HI! @1&<D #*#*«^±7^ £ i5^Ti (7)^^#^«^ t, 

»s k *f l & t x ? y ¥7, t y 7° 7 ytfuu z fix 0 ^ ^ ? 7 ^ 

7t77°7^(±, r>fta-X«TUIS4:Mt4o * > ^7 r 7 77 ^<7>±ffil3\ 

m®m<D±mKftLT, witztix^z> 0 

[ 0 0 0 9 ] 

£ 1**30 1 1 III! i: J: ^ ilMilT > f n a - t! (10) ^HfffiH 

7^£tiTi^ 0 Hi^t*i§i«3v^(t s« (12) li, mmm a a) t& 
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1 , ^^:t:^ > ^ x-r > -/ v^' (2 0) iiTi^o SUS^fcli&fcifc «£ 9 t*, 
ItS (18) ©±It^>nf>^5^ (2 0) <7)±®t li, r>fta-x (10) 

^BfifcB# nam 777^^1 «t 9 t¥fflftts - 1 § £ o ^ tit' ft 

?vnfV^5^ (2 0) »i, CMPM^ftfflL^Wfh^tf 9 - ctoT 
, *SVM±, ¥ffl«}:fi^7Xvi7f>^^1f 9 - t tiot, «S (1 8) (7) 

<£ D & 1 , gstbs-fr* 

[0011] 

lldMl^^TIi, T>f-H^-X#M (2 2) ^V^t>^5^ (2 

0) J:^@e-g^*LTi/^o 7>fta-Xf^| (2 2) |i, 7^^7r^*-^>L 

2. 5nm~$Jl, 0 0 0 nm^^lf? tfl>it^^ 0 2JH/LT, TVfKa-X 
ffll (2 2) «CiLT(t ^IfcWfc'^ L<?)ffl^*fffltSii:^^ 

0 7*Jl<7TZ%-tf>&£'0 i ZlrL<Dm&-&^ jfiL<IJ7-tfV>^ (C, H 2 ) 
h^/:J:^^#^i:J:oT, ^>^t>X9^ (2 0) i^EM^ 

[0 0 12] 

#0x.tf> 7 j--X#f4S (2 2) f*, 7*JV7 77*-#>^f,, *iV^i, 

y^y'J n^wM K^t,, Mt^it^'t^ & 1 0 nra-l)8 0 nmtv^l? 
*^rl-&ii:5&*-C^*o 77-7^-X#f4S l (2 2) *|CJ:oTK-e>^H 

0 % tv^^Htl-^^-C^So T^f-t i-X^Jg (2 2) 77|CJ:o 

t k - e v ^ $ ti 7t r * ;v 7 r * n - # y & h lit & k 1* , 7 7|k- e > y \$ , 

2 2)*, y'J^y*-;^ F^&^J&rsii^Ktt, SfifcftKfctt* * - ^^Jl^coib 

3Mi, 5 0 %«t «? fc^fc&^l-^-c&ao 

[0 0 13] 

77fl:a-Xpg (2 2) Ji, ifc, ^i^*)5^^t4iJ: fcTiio & 

1 coWi, &2 . 5nmiV^S^|-Lt7tjV7 77y'j3>*-/M K^?>44g 
i> ft 1 0 nm-l)8 0 nma^H?^L/c7€ )i<7 7^*^r^^?>4Jlt, ft 

2 . 5nm^M)f?MLfc7-t^77^y | j3>*-/^ K/J^^^lt, "C* 4 o 
&2e>flMi, ft 2. 5 nmh>TH? £^ L£7^7 7 ^M^ftv U 3>^?,ft4gt, 
ftl 0 nm-|)8 0 n m t v> -9 If $ £;# Ltc 7 * ^7 7 7 fs - ^ V h % h S t , ft2. 
5 nmtV^|^tL/t7^iV777gfty'J n'/i^S^l^ T?&6 0 

[0 0 14] 

7>f x$tfl-B (22) $k 7^^7 ta%~&>$>&^\* F-tfyyzinfcr* 

JV7 7^A-!K>S , tnf^lJ, SiNifcliS iCi^&il^ Wx.tf, 2. 5 
nm) tt^MS (HI KfJH^S *ITV>&V>) ^ 7>f~^-X#M (2 2) <7)± 
tTH:Et?ti^»o ;tii:J:^ 77fKa-X#fti (2 2) t77fta-XM 

*Wi K~ t°y^£;ft£7^;V7 7^*^^>§r^TtT^-2)7>f-iu.-X#fl-Sf±, # 

[0 0 15] 

1) 25nm-|] 2 0 0 nmH^S? $-^T LfcM/LfdTT a^TaN^T aC^Ti^Ti 
C^T i Ntv»ofc J: T^JiS (2 4) i)K 7 y ^ t a. -X#fl-Jg J:K@£M£ ti 
, 7>f-^^-XcoJ:iJBtI*^1-& 0 i^-CM75l-^»2^1BiH^^Tti, 
nr>77^fflt7 7fta-Xtfl-| (2 2) £?)M£f3\ WW^TIJA'J 7 
£gS^ffit£t^ 0 01 i:gt^fli:*^Tli, mimm (2 8) /^JT^S 
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m (2 4) ±H@B*?tLTV^ 0 mW±C7*M/y^M^£tU ^tlU SHC 
[0 0 16] 

3*1, /tgr^MS (24) & xzfry^t x.-x#&m (22) f-y^stujsit 

U7f>m^ t LTllt^o BMfc&Ji (2 8) (i, 7* M/y^M*Xf7 7" 
S#t'T>f-^^-X^f4e (2 2) »*£*L£it £^lh1-& 0 A U Ti, Ta> T 
aN, fcJtf, T i 9>77.Ty (W) ^MtS^^I^tLTV^itC 

«t , P VD * Vtr^T yfrh*%>% v^S (It 2 5 nm~$j5 0 nm) itT^) 
^SS (2 4) (75 x 7f>^i:^LT^v^? (2 8) tLt, fffltSiHtl 
& 0 7 y 7" 7t yMi) % %^ ^.kKXty ^ 7* Y Yfrhft&M^BfztfiiK ®\^v>; 

>£&*U ? t^, i t ^ < , £1S (24) *x y f>^ 

t^iH^Ho ±MM (2 4) <7)^y f-y^lkKl±, ¥ > ^ r ^ {i 

, SF 6 <t^ti*f£fflt^S)Stt^^>^yf->^ (RIE) i:J:otx-;f>m 

fcfcl-fc fcfcfc, 7^iV7 77A-^>t7>fta-X||f41 (2 2) <7?f5Ht£& (K 

[0 0 17] 

micD^mrtM^&^xtt, &mns.mmm (2 6) ^\ aut&jss (24) o±#k 
ES$tiTv^ 0 0 1 ^mfm^mmK^-at^ ^vr&mm (24) ±^»s 

Mt^iH^^ #S+SS^IiS (2 6) ti, 
MftfrfrLT, sV)T&mm (2 4) i:tLTiti^t&it^^o 
[0 0 18] 

m2Kl$, &2*jfeM^ J:^^lM^lT>^ti^-X (3 0) cOlffflH^^ tLTV> 
[0 0 19] 

0 2<*>*ifcB!igfcj3^Ttt, (12) li, (14) t^lfflSS^S (16) 
iH:ioTtS?tLTV>S 0 Hll<?)il^t|W|^c, 0 2 £ #0?f K 

Mgft^zt, &mffiM.mmm (1 6) #\ &mwk^mm^mmm\-mz> 
[0020] 

mmm (1 s) mn^mt^^ n^^&sftfcfc^-c&^T, <kmmmmm 
(i6) ±^Et^tiTv^ 0 mmm (is) la^rt^^^tL^o^jg+as^ 

1 (16) KMLTn% t mKmm2iitz?>?XT>y*yy (2 0) jfxiTv^o a 
I^M^H ; ^£s^T{±££n&J: $ «S (18) <7)±ffit tyr^i-v?*?? (2 o 
) <£>±ffii:fi, T>f-t^-X (3 0) OffMB^-fcti£«7 9y h&^ffi£^j£L#£ <t 

^ n^p±a<tl-^ :H s tiJ 0 itui^x-T, tvy-ATy?*?? (20) ti, cmp|£ 

£^T7 -HaoT, »ig (18) co^ffiJ:^ i>£^k, |fe?*4itm4o 
[ 0 0 2 1 ] 

7X#f4S (2 2) t©Hi:, ttifUftfc^ 1 ; T^JgS (3 2) #Ett3*i* 0 7^1:*- 
7X#f4S (2 2) li, 01 <7)^WllcMtT^^t^^60i:|W|CT^^o 
[ 0 0 2 2 ] 
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^25nm-l^200 n m t J¥S ^ Ltifflk. T a^TaN^TaC^Ti^Ti 
C T i NiiV^fc^H^'J 7#Si (2 4) #\ T>f-^^-X#f4S±^Em^tl 
, 02?)7>f-^-X (3 0) <^±HI®fe*Bfifc1-2»o E2(7)^^Blt'i3^T(±, ® 

«s (2 8) /^jt^ms (24) ±^EE?ttTv^ 0 K 7 * v 

S£^*U ^o^mht)S^> ^v** t LTfiJffl^tt, A0 T £gg (24) is J: 
0*7 ><f-KzL-Xtfnm (2 2) ^)xyf>^|:ilt4X7f>m^tUi^t 
&o (2 8) (i, 7* M^v* H^f? 7^^T>f-t^.-X#f4e (2 2 

) ft* it t*o A U Ti, Ta, T a N, is X £/\ T i ? > ^ 

(W) CMtS^I Lt^S i t KX V) , PVDSfcfiCVDKJ:* 

gv^>^^r>S (1)2 5 nm-ft5 0 nm) *\ ifc, MTV&MM (2 4) <Z>xy 
f^^CiLT^^^ (2 8) Ht, Mt^rHt^o r/^XfW 

'll^^o flE^v^fcHiftLfcmK. SoT^I»7i hVv7s h£^*U ^MlfS 
J:fc#$##£#£$ (2 4) ^X7f>^t^iH 5 t^ 0 t 

MM (2 4) ^xyf-^^Kfi, ^ >^7.x>M^®v^^^ fi, SF 6 ik^^kit 
m LfcKl&&4*y (RIE) CioTxyf^mtH'tHo ifc, 

jv777A-^>g7>fti- (22) ^ttmst: ( k ) ^m&mm^mw 

[ 0 0 2 3 ] 

0 1 <7)*ife^li:[12co*»lt(7)M<7)'ft&^ffi3S^ii, |i)10 0nm^ 2 0 0 nmi: 
v^JfS^LTt-Mv 1 ; n>^|fiii:1-^ii:^T^&#jDW^«S (3 4) * 
, g2t:/BtJ:^: 1 ^U7#Si (3 2) t7>fta-XMi (2 2) tJ*V7& 
MM (2 4) fc£#x_T**fli$iJ:»::, EH L#4 £ ^IfflS^ISS (2 6) 

(i, «S (3 4) _hKEit3*U -ecO«S^M®tTfM?ti7tMa?t*^tT, A 

u 7^n (2 4) KttLxmumM-r&zttz&o 

[ 0 0 2 4 ] 

03 k\±, m3^m^Kx^^mn^mry^-^^~x (50) ^raa^satT^ 
&ii&M$ i kMmi-2>m3 ^jfeBi tc & it & &m± ^ ^ k x o £ *it ^ s 0 

fW t r J:& t t [w[ *-e * * i t fi , $ ft & -e % h y o 

[ 0 0 2 5 ] 

m3<D^mrtMK&^Ti$, i« (n) ^ «s (u) t^sffls^M (1 6) 

ii^^v^t, is J; 0=\ &Jg*@5l®M5S® (16) #\ #Jg^#Sf#gj(;c7)*II@^Hi3tt^ 
[ 0 0 2 6 ] 

«S (18) li, Mit tfigft L fcr m<h v U ^^^^M?^;^^^, 

(i6) ±n@sm?ttTv^ 0 we (is) 
ffls^S (16) KnLxm%mKW^%itz9yy7,T yy°? ? (20) *\ #x_t 
aiMMT»^i3^Tf±^ft]^ «t «s (is) ^jifflt 9yy?>-T y-fy 

7 (2 0) *Xhffifc»i, 7^fl:a-X (5 0) KJfcitlft 7 y y h £ ^ffl £BJ£ 

UI^^^Wt^iH^^o r*Lt^x.T, r/nt>77^ (20) ti, 
CMPMMl^¥ffl^HfUti:J:oT, jfc&utt, fiMi:||77Xvx 
^f-^^Srff 9 iHaot, (18) <7)^ffiJ: •? 

[ 0 0 2 7 ] 
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t^tlTV^o T>^fc^-X##Jg (2 2) (i, 0 l^^ttBlnriLTm^L^^^) 
t[^D-e^&o &25nm-i] 2 0 0 nmti/^l? L/cfllx. tfT a^TaN^Ta 
C^Ti^Ti C * T i N t ^ o J: 9 U T^Jgg (24) 7 fc: ^ - 
S±^Em^tL, @3?)7>fta-X (5 0) <7)±iim§£ffM LTV^o 0 3 <^tt 

Bii*^^T(4, m«e (2 8) ^\ a'jtmi (24) ±c£f?tLti^ 0 m^t 

7* YVV7s hJf£ir*U ®^V7^ t LTflJffl^tU A'JT 

^MS (2 4) isi^r^f-m. - XUP^M (2 2) <^^f->7*m~J3tt£^f->^ 
v.x^ t LTMt^o IMb&S (2 8) a. 7thVyXMi^T'y7'S|i:7>ft 
^-XUnm (2 2) t£P7jit1-& 0 A U Ti, Ta, T a N> fejitf 

, tin* 5 , ?>y*Ty (w) n*n-s^^^n^tt*^rtt:^ai t k x *k pvd 

J fcliC VDK J&gv^ VtrXT-vm (ft 2 5 nm~ft5 0 nm) £ 7c, 

(2 4) c7)^f-;/^«LT<7)©^v;^ (2 8) tLT, ffflt^itfet^ 

0 * >nr>i^i^: £ tcj: 19, 7* h Yfrh-&2>M^MfinfiK M^^^y 

£&*U ^IIIlJ:(:W»?t^t^<, £JgJf (2 4) *3-y<f-yyt 
Z> t^X % h o ^MM (24) <7)xyf->^^Ji, ^>^fVfi^v7^li, 
S F 6 -fk^ Htffl L££OSt^ t>x-yf>^ (RIE) CioTx^f 

tttt^:, 7 ^ 7 r ^ A - f >IT ^ f t a - XtHi (2 2) coifmfef: (K) 

[ 0 0 2 8 ] 

01 e>*JfeMUIH3 <^»1 t^r^fflit^fJ:, lJ5 0 nm~^ 2 0 0 nmb^S 

>$^*MS (PECVD^IMlTfl) t^"C (3 

4) £\ @3^t±^:, 7>fHa-Xpg (2 2) fcA'JT&JSJg (24) fc £ 
f]»;LT&&ff£i:^ Eft Lf§* ro##fi, T>f-n j.-X#f4S (2 2 

) j)K &mtmmmm (2 6) c»L«uuH^Piiitno ^mtmrnrnM 
(2 6) «s (34) ±ic@eM?tL, %<D%mm%nMLx&m2iLrznMft*fr 

LT, A'JTill (2 4) CtLTi^tttl,ii:i:^^„ 
[ 0 0 2 9 ] 

EUKIi, $ 4 ^lil C U iIM#S 7 > f t i - X (6 0) <Dffimmtf7F2tlX^ 
&o 0 4 KTFtmWrtWJt, 0 1 (^t^Ml^l^^ti^o 0 1<^«!^ 
£ ft & If fife t Umt £04 H 13 \f &«fi£ fi , [WI Ciot/T^tlTV^o 

»1 k m Lx±m t fcfii^ t iwi*re& & - 1 (i, sjss at* -e* * 9 o 

[ 0 0 3 0 ] 

0 4 ^Jfe^lKSHTfi, M (12) (i, (14) ii^MfflS^M (16) 

s^&v^t, ^sffls^Ms (i6) &mn£mm&<oMffim&K&V2> 

[ 0 0 3 1 ] 

%mm (is) t±> Mix. if *tff t fc-SHt; ^> V 3 > a* £bjs£ s *> <a-efc o t\ ^ra 

SMS (16) J:i:£f?*Ltv^ e (18) (i, 1S?C ti^o^g 

fflS^S (16) H^tTm^lK^Sic^tL^^^^^r >"/y^ (2 0) #x.T 
SIMMW^is^Tfi^^ «t «S (18) ^Jifflt 9y?*-r yfy 
9 (2 0) <7)J:ffitJ±, T>f-H^--X (6 0) ^ifcieW 7 y y h % ^ffl ^Bfife 
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L#S<t^(:¥fflfttSit^-e^o Iiii:ftx.T, ^7^x>7°7^ (2 0) 14, 



±&Lfc«fc-9fc, 7>f-^-x$ms (22) tyyTsTy-fi? (20) ±hbb 

m^ttTV^o T>f-t^-X#f4S (2 2) {4, @K?)iifi(;iLTllL^^^ 
t^D-e^^ 0 fe25nm-l)2 0 0 n m k !¥£ ^r^T Lfcfflx. tfT a^TaN^Ta 
C^Ti^TiC^TiNtV^fci^^^'JT^Si (24) 7>fta- 
Si:^ffiM£ft, 0 4c7)7>f-H^-X (6 0) <D£mM*J&&LX^2> 0 M 4 <V$kM 

MHKi5\,>x\±^ mmm (2 8) hjk ^-jt^ii (2 4) j^se^t^, 

7* >Vv7 hS£P£*U lof:iftftS^ ®v^7s7 t LTfiJffl^ ft, A'J7 
^SS (2 4) 13 «£ ^T^f-H (2 2) ©iyf^^|:filt4x*;f>^ 

77 7atiit^ 0 Mfti (2 8) a, 70^M^f'7^i:7^K 

^-XUnm (2 2) »*£ft£7i t ^P?jih1-^o A U Ti, Ta, T a N, feJU* 

, TiN* 5 , r/nt> (w) t k x *k pvd 

$ fcliC VDK£Z>W^? >?XT>m (l)2 5nm-|!]5 0nm) [ST<7)£ 
If (2 4) (7)xyf>^i;iLt<7)«v^^^ (2 8) t LT\ tfflt?> - t T£ £ 
o ^77*7f >i^il^H:J;^ 7* h Uy^ Yfrhft&M i/^rffJt^ figv^^ 

«*U £MMS±«$l#«#£$«-£:&<, #f?S (2 4) ^x 7 f>7*t 

4 £ t^'t^o ^MS (24) oxyf^^&fcfi;, ^>^fVfi^v7^li, 

5 F 6 <h^^7 Lt:Kl&&4 t>x-;f>7* (RIE) |:J:oTxyfvmi 

7^iV77^*-^>l7>ft^-XMM (2 2) co^mSi: (K) 

1"o 



0 1 <^1M*^04 <^JftM* t<7)^cOfflB£j4, *tJ 5 0 nra-S 2 0 0 nmb^ff 
3£:#Lfc$JS U < J±*b 1 0 0 nmH^S^ILtlfty'J n > £ fcfiUHMfcS/'J 3 
7®coi«S (PECVDfi^ffflLTM) b-f&ZktfX*&&tt]}Uttl%$mmtti 
itX^-^T (3 5) H4C^tJ:^:, 7>fl;a-XPi (2 2) tA'J/^I 

1 (24) ££^;LT&2>^&l::P&&lLT£<^g&£ML#££ t-e^^o -<9# 
fi-f4, T>f-t^-X#M (2 2) 3^ ^MffiS^M (2 6) CtLTSILTLi 
1 Zk*ffi±tZ>o ^SfflS»S (2 6) (4, ? (3 5) ±HEE£tU B4C 
^T«fc?KLT, A'J7M1 (2 4) CtUtMftt^itt^^o 



05A~05Cf4, 01 c7?T a-XKBIU My'n ^7, K£^T31^S Htz&9$ 

&x<Dmf&*^-tWmwx&& 0 yy^Y.a.-X (i o) coBjW, (i 8) fc? 

V97,tV?*7 9 (2 0) t^ligLT^M^#^«tS¥ffl J fk*ff^fca^t > ^$&?ftT 

Anis^r, (is) t 9 ypT.Ty-fvy (2 0) t?:tLTV^ 0 



05 ak^i-j: 3 mi<D7y^-tx.-x (10) (4, ? y^TsT y~??v (20) t 

»S (18) kOjiK* T^fHa-X^l (2 2) «?tl^ 0 ML/cJ:^; 
, 7>fHa-XPi (2 2) #>\ T^JV777,7J-^>^^$)^VM4 K-tT>^$*L 
7t7-tJV7 T777-^^^^?fM$ft&^^{4, Mx.tfS i N^S i Cfc^ofcJ:? & 

ttnfrhz&n^ttmmmmm (3 6) iaotH^?HTv^) pecv 



[ 0 0 3 2 ] 



[ 0 0 3 3 ] 



[ 0 0 3 4 ] 



[ 0 0 3 5 ] 
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[ 0 0 3 6 ] 

%<Dfe, ry^^^-Xmm (2 2) PECVDMMLTiltSo Slit 
-ezfctUfSJSSft* <fc 1 T^fta^Xtf^ (2 2) <E>J?Sli, ®#Jt l)10n 
0 nmt^tl^o S#l^-e&tUi\ fcmZfl&W-Zi&K I'M 3 *l& T > 

ft^-X'Cl LT ^)3fg^ 7°n ^ 7^/ ^mffi * - t li , Sf§?£ -C* % 7 
o *H-e&tui\ t^#*«#SS (3 8) 7>f^-Xttti (2 2) ±« 

[ 0 0 3 7 ] 

A 'J T&mM (24) ffj2 5nm-ft2 0 0 nrai:V^)?3TtoT, PVD 

X/t^'J^l|MLt, ««o IHtfif (2 8) /t'JTill 

(2 4) J:^JtM1-* 0 (2 8) It ft5 0 0 ^^nfn-A^4, 0 0 0 

l^tloT, JtM^n^o fitll (2 8) _tK7* Fl/->^ f^SMIIU ^ct^JL 
IHbtlS (2 8) *X7fvm, X7f>», 7 0Vy^H^I*L 1 £|o 
fcBMt&Jgtf*, ffi^v^^ t LTflfflStU A'JT&JgS (2 4) joi^TVf-^^-X 
ffll (2 2) ©xyfv^CfeltJxyfv^^^ t LTMt^o A U Ti, 
Ta, TaN, T i N^ 5 \ (W) ^tl"*^ &«t4£^ LTV> 

^itCJ:^ PVDifcliC VD ^>^-f^g 2 5 nm~^5 0 nm 

) tST?)#l?§ (2 4) ^i^f->^^IHLT^®V^^^ (2 8) t U, 

tfflniHTH. 9>77>7->m (2 8) it |) 2 5 0 ^>n^-A~^4, 
0 0 O^-V^fn-Atv^H^ttot, ftL<(ill5 0 0 t>^fn^At^ 

^v*>«*U £Mffg±«a#ft£#£S«-t&<, (2 4) *X7 

fV^tiit^t^o £MS (2 4) <DJ-V^y ?>?Xt>Q<D^'? 
X?(t i^fvmit^THo ifc^ i^f-'/^JtLfciltSJ:!:, 

(2 2) (K) ^ll«W#14^f^#*^-x.*i fc & < , i!l^X7f>^L 

wffi^'bfc^i-o i5Ait ^*)T&mm (2 4) m«e^^t±^> 

^r>S (2 8) &J&mZftfcfe<?>ft&Ki5\} <>T, 7>fKa-Xo 
ffMit^ CO II fig £ 0^ L T v>£ o 
[ 0 0 3 8 ] 

7>fHa-X^ih ftS^iM&ttiMgi:, /tijrill (2 4) SMb«;£ 
fcli^^r^^^V^fc, MLHfco/;t(^ V7?Jf (4 0) Ay 
T^MS (2 4) ?)gI<7)±^|:Mt4o (4 0) ^l&lt S (3 6, 

2 2, 3 8, 2 4) frh%&T>^t^-X mmi (DM^MfetZ 

t: ^-Xffijl(D»«S^ttfc^[^&"e^-QT, &j3j^o, 7X^1 (4 0) 
[ 0 0 3 9 ] 

0 5 CK*3V>"Oi, v^Jg (4 0) it f»v7^^r^?:fffi IT, gJEK 
ir*£tlTl^ 0 M«S (0^**f) WLt, 7>f-^-««^iIt 
& 0 *LT\ ^SfflS^S (2 6) «\ T>f-^^-X|fS^^1-ffii:c7)S (3 6, 2 
2, 3 8, 2 4 ) _h£*i^"C, WLiYMM c^J:fflJ:H^^T, j3«J:tf 

, «S (18) ©ftllffiJil^V^, fi£II1-*o £JS^? f^*XT'7 7<T>tzt><Dt£m 
tLT, v^Jg (4 2) 2\ «W&7* h'Jv^77-f-MS-fffltl>iti:J:o 
T^MfflSS^S (2 6) tKfm-f&o tco-?7,?m (4 2) £M LT\ ^SfflS^ 
SnS (2 6) coMM^m^l-^o 05Clt v^Jg (4 2) M^oTilS 
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a (2 4) ±nit**4san«H»jg (E^T) *&m-rz>ztw-?%, ^iiicig 
fflii^Mu, %<DfeK, ^mtmrnmrn (2 6) «s±t-, is*^ mm 

[ 0 0 4 0 ] 

@6A~i6Clt |2©7>ft^-X (3 0) M^nt^tfintlK? 

, r>fka-x (30) ciiii, #siss (is) t?>7XTy??y (20) h: 
p^tT^ji^n^nn ji^^jtB-fb (*>sv^±, tryr^Ty?*?? (20) ^tbtTv^ 

W^T, iffiHi (18) t^>^r>^5^ (2 0) t^tlTV^ 0 
[ 0 0 4 1 ] 

0 6AC^tJ:^:, B2«7>fi:a-X (3 0) (i, ? >^*r > 79 ^ (2 0) t 
«S (18) ££>J:fc, A'JTili (3 2) ^llt^ittiot, Bfi££tlT^ 
&o 7>f-t:^-X#fl-S (2 2) tT\ ^'JTill (3 2) ±.K$LWkZH&o 
±11/:^^ 7 >f-t (2 2) ^\ 7*;V7r^*-^>^t>*4V>li 
K-e>^^ti^7^JV7T7.*-^>^^fM?tl^^H^, 0!lx_tfS i N^S i C 
fcv>-=>fc J: iftftftfrhftZM^ttMfeMttftm (0 6Ai:i3V^lt ^ (3 6) i:J: 
oTH^^lTV^) 7i 3 \ PEC VD*M£f£fflLT)£IE£tt&o 

[ 0 0 4 2 ] 

*?>^ ry^^^-^mm (22) pec vdiMt^m ltjmi-& 0 
-c&tufgflisft* =fc 7 ry^^^-x^mm (22) 01? 3 ji-tfi, m 1 0 n 

m~^8 0 nmt£ti&o S*^-e&tUi\ ^Sf@B&±tE1l3 *i£ h 

1 £> v> T^ffl $ ft* J? $ $ ft& T > f - n a. - X K m L X co^f 7° n 

t £ft£^coJ: ^ %7y?-t^-Xm*JiLXTMZ *Lfc7>fi:a-X|:fintli, 7° 
n^9^ >^i:^lt|fj5 V v> $mjE£#S?fc1-£ £ t #§?-cfcfttf, gvMt 

*#jt#fl-S (3 8) 7>f-ti^-X^M (2 2) JxMStU fixteM^^m 

[ 0 0 4 3 ] 

7^11 (24) l!]2 5nra~|5]2 0 0 nmtV^lfn^oT, PVD 

M^fSffltr, gyrf&o snt^s (2 8) ^vr^mm (2 4) ±« 

ET&o m«S (2 8) ti, & 5 0 0 *^* hn-A~i&4, 0 0 0 ^>^fn- 
Atv^lf ?-?^T, ffl L< 2, 0 0 0 ^ fn^Ati^d^t^t, 
iH?tl4o (2 8) iC7i M/y^ U *<7>^ m«S (2 8 

^77^ £ LTflJffl£ft, A'JT&JgJf (2 4) j3 J;^T>f-m-^X#fl-S (22) 
<^x^f-y ^^£tt&x^f->^v7y- t LTffl&T&o A U Ti, Ta, TaN, 
£J:^\ T i Nf, ?>?7>T> (W) CMT^T^I ^IMMt LTV^ i 1 1 J: ^ 
P VDifcfiC VDKJ&Slv^V'^'f (& 2 5 n m~^J 5 0 n m) ifc, H 
Ttf^JIS (2 4) <D*-vi-yyK&LX<D&\/^Z9 (2 8) t LT, ffflt^iH 

t^o 9>yzT>m (28) ti> ^j2 5 0*77^ hn-A ~i^4 , ooot>n 

U tllliCtlP^tt^^J:^, £gS (2 4) JX7f>m:i 

^t^ 0 ^SS (2 4) (7)X^^->^^fi, ?y y7,7-yW.CDm^7^ X>;f 

>miH s t^o x^f>^?tifc^i«ijii:, n^tyy^Tym^n 
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&&*t>fct>-tttiiK y rtii'777A-**>gr>ft 3.~-x#nm (22) (omm 

(K) ^TOi|ffi^iH£Sit4<, ^HJg«:iyf->^L#*tv^Brt6 
t4*^7t^1- 0 06A{i, A'J7#S1 (2 4) Mtf®i^(±^>^^-f>S (2 
8) ^ **JSfcJK$*lfe^^t^ttSfl|fifc-C*oT, 7>f-t^Xc^)»4 I <7>M 

[ 0 0 4 4 ] 

7>fta-x^ff:, ttt<?)^^fih ^<j7#lig (2 4) 
fcii^v^-K-r^o^w** ^ILItJo/di;, vx^g (4 0) 
T^MS (2 4) <r)^B^±77^ffM1-&o i<7)v7^Jf (4 0) £>Hftli, if (3 2, 
3 6, 2 2, 3 8, 2 4)H4J7Vfta-Xf||J c^f^^mai"^ - t X-$> & 
o *£>^ 7£fr7 ifcKJ: 7>f ta-XfS^ig?) 

7>f^-X|I«l$E?tl)ttoljSt*oT, fcis^o, vj^g (4 0) 
e> ^*tu <z> £ it & lilt * 5^ L X v>£ o 
[ 0 0 4 5 ] 

B6Ci:^^t(t v^^S (4 0) ft, vt, ^ ^£7, -r y 7£{£ffl LT, 

&*3*lTV>£ 0 MlfS (3 4) T^f-ti^-XlfS^^I-ffi^S ( 3 6, 2 2, 
3 8, 2 4 ) ±H£i/>t\ «S (18) e>*fUM±K£^T, Ml^o ^ 

t, t£«&-7^f3tflir£ ^x-;f>^jfi (0^-£tT) Mt^iti:^^ 
mm (3 4) ft««ffll®7t£ffM1-&o ^(^ ^MfflS^JS (2 6) «S ( 

34) ±n, ^ffli^i^rtt, ^M-rso -?>i§£\ mmmMMfzKx^x, 
>^)r&mm (24) n^tr<7)m^ft<j^«c*«ff*)a&o ^sx^vnt? 

^fcfctOSfMffifc LT, (4 2) t£*W&7* > 'J 7^57^ ~f£#f£€ffl 

1-&itH«toT^Jgffi2^iBEe (2 6) ±CMt4o i^vx^g (4 2) L 
T, £Mffl£#^g (2 6) (7)MI^HgfS 0 06Ctt, V7^g (4 2) 
MoT^ frv&m ^yJ-yy^T y 7<D1$[V)9$&K £ It & fgfi£ £^ L T V> & <, 02 
^Ii?f>nf7 7*^M©7>fl:a-X (3 0) ©ilS^LT^io 
[ 0 0 4 6 ] 

@7A~@7Clt @3©7^fl:a-X (5 0) KML, liT'n-fe^H^^TM? 

tt7t#^ *-ecoisfifc$-^i-»rffi0-e*^o 0 5 A~m 5 c K^-r^v^xvm&t mm- 

, 7>fta-X (5 0) co^fifc (i, «S (18) t5'>nf>7 , 5^ (20) fc £ 
MLtcJiftlgii: .fc&Wfb (fcfcvMi, tyy^TVfjy (2 0) ^(BlTvii 
) o tzfefr bfflt&ZtiX&t), £ <DfeK , m^vtm ft 7°n -fe x * r ? TWrfeft* 
o Lfti'oT, 0 7 A~07 C«Ol--<TcO|lIfi, 7 > ^ t a. -XB^7°n -fe* ^H^ft 
^is^T, «S (18) y 7 7,7-yy°y ¥ (2 0) i:^tLTV^ 0 
[ 0 0 4 7 ] 

0 7 Afcj^TJ: 7 fc, [M3^T>f-t^-X (50) (4, ?>^7,t>7°7^ (20) t 

«e (is) t<D±K, yy^^^-xMnm (22) ^itsitiaot, am 

?tiTV^ Q ±ILf;J:^:, 7>f Ka-X^f (2 2) fiK 7^ )Vy y X % -tfy 
frb&2>^lt Y ~ \l y ¥ ^ fitzT ^ )i< 7 r 7s jj - ^y frt> £ ti&$k&K it , x_ fdf S 
iN^S i C tv^ofc «£ ? &*m^£>&*S| vMt^M#f4S (0 7 ACi*5V*TJi, ^ 

(3 6) i:^T|g?tLTl^) ^\ P EC VDllfT^fSfflLTj^fl^ti^o 

[ 0 0 4 8 ] 

^com, 7 7f-^-X^f4S (2 2) PECVDtfMLtiltSo 
-C&ftffg^SftS <£ ? 7>ft:a-X#fl-i (2 2) c/))¥£ fi, JfrfiTf^ IllOn 
m~^8 0 nm^tl^o ^#t^T&tUi\ ISiiJitEf ? t 
II |3 Tllffl £ tL4 1¥ £ $ tL4 7 > -f- £ - X Ci LT <7)^f 7° tf 

>^BJ±H^#1-^it{4, S|#$tl^-C^% % Wx.lf, ^2 0 nmtl/^S? 

t?^^J: 7%7y^t^-xm*^LXfmztifc7y?-ii^-XK&^x\±, 7 
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m^mmm os) r>fta-xtni (22) ±miiu s:±^mt'^^^ 

[ 0 0 4 9 ] 

^i:, /^'J T^MS (24) ^ |]2 5nm-|] 2 0 0 nrah^l?"e^T, PVD 
fil^ffflLT, ^Jll-So *<D&, WLitmm (2 8) A'J (2 4) ±« 

HI" So m«S (2 8) (i, ^ 5 0 0*>^* hn^A~^4 , OOOiV^ha- 

gfeii^tL^o m«e (28) ii:7thuy^n*jim m«e (28 

flE^v*? £ LTfttfflSft, ^'JT^JgJf (2 4) do £XfTy?-Kx.-XtfWm (2 2) 
^xyf-v^fcfctfSxy^^v;*^ t LTMtSo A U Ti, T a, T a N , 

& =t y=\ t i tyy^y (w) «1-&tv§ &«M4£^r ltv^ i t k x 19 , 

PVDJ fcttC VDi:<t^iv^>^^f>i ($J2 5 0 n m) ifc, H 

TOill (2 4) ©x^f^^KSLT^v^^ (2 8) tit, ffflt^lH 

7is 0 * y ?x t ym (28) a, & 2 5 0 * > ^x h n - a ~& 4 , ooot>^ 

L> £M®Jf±MMW£#ft £«i k%< , £mm (2 4) S;x^>mii: 
^■C|4o (2 4) <7)z-y^y?"i-kK\$, $y vSS^flg^v^^ ti, x^f 

^teSrfcfc&l-fci: fcK, 7 7 7 ^ * - # >IT >f t ^ - Xtfti (22) ?)t£m 
(K) ^tt^#14«#£^;LSi , ^SS^xy f- > ^ L#£ t ^ RTf£ 
ttfc&fckl-o 07A{J, A'JT^Ii (2 4) is Sft&JgSfcJi^V^rVS (2 
8) is «m?ti7t^^j;^tt^f#^-C*oT, 7>f^-X(7)i»« 

[ 0 0 5 0 ] 

7>f-^--XWSis ftS^iMfctfMis A'JT^lJf (2 4) is Mill 
ti\±9>7?sT >§£co@^v.x^ is ^BfifeU^^o^f^tc, 7X^1 (4 0) 2s ^ T J 
7^11 (2 4) ^®c75^77^0)£T&o i^>v7^jg (40) Og&fi, S (36, 

2 2, 3 8, 2 4) )j^4l)7H^-X[||] ^^iSEnitfi^,, 

a. ^^x-yf-y^r y 7°£fH it tcJ: *K 7 > « ^ - Xlf jg £r^Mcoig« 
^U*;f>miii^i4 s 07BI^ x?f>^f y^fctLT, 7>t c 
l: a - Xfl©IM£ ? tittco^ir-e^o fcfc^o, 77^1 (4 0) <7)^* 

[ 0 0 5 1 ] 

0 7 CKis^Tfi, (4 0) (i, f*«^7^^|i7;f ?7^fffl Lt, 

i*?|lTV^oili (3 4) £\ r^fta-Xfi^^M ( 3 6, 2 2, 

3 8, 2 4 ) ±K£^T, &£Zf, mmm (18) <?)Mffiffi±ti3V>T, itSIT^o 
tk, ^m^7^\m&lV?^v^y (H^^T) HSMTSii^JoT, 

its (34) ft^»ffli®7t^ffMT^o &mtmmm (2 6) *s «e ( 
34) i3j;c7\ ^ffliii^rtu, intio z<om&, mmmnMKKX^T, 

^'J Till (2 4) t^LT<7)m^e<lSe*c*«fr*?tL&o iIX7f^*777 
7W^^flti:LT, V7y-Jg (4 2) £s «W&7* r- 'J V7? 7-f -^l^tffl 
t^r^aoTilfflSgSI (2 6) Jx«)£1-&o ic7jv7y-g (4 2) L 
T, &mW*MWtm (2 6) ©i#i^*lgt-6o 07CJ2, 77^1 (42) <vfm 
f£-C& o T j^o^Jgx y > ^ 7" y 7°^tf|^StA^ £ ft fi£ £^ LTi/^o 0 3 
iIx 7 f777T7 7tO|lt?)7>fl:a-X (5 0) <7)}S)&£^ L"C^i 0 
[ 0 0 5 2 ] 

08A~08Cti, 04cOT>7 c Ha.-X (6 0) KIHU il7"n4!7 KiS^"C®^3 
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, yyx^^-x (60) <Df*mt, mmm ( 1 8 ) t 9 y xxx yX^X (20) t\z 

mLT<DMMmi~£&¥-mt c&svMi, ?>yxT>x?y (20) ^mur^s 

) £fro£?£^»$tlTi3 *) , J»<7)«ftJ7°n^77T^ 7°W =b*i£ 

0 Lfc^oT, 08 C^I-^T^Hfi, 7 7f-£ ^~XB)&7°n^x<7)|g^ai 
Ki3V>"C, m»m ( 1 8) t^>nt>y5^ (2 0) t^tLTV^o 

[ 0 0 5 3 ] 

08 AH^-TJ: iK, @4<7)T>fta-X (6 0) (i, * y fTsi-yfJ 9 (2 0) t 
«S (18) t<*>±K, T^fc-x-Xtffl-Jg (2 2) ^muti:J:oT, Bfifc 
$*LT^S 0 _hi£Lfc J: ? fc, 7>ftii-Xtfl-I (2 2) ti\ 7^^7tX*-#> 
^ t> Wi K- H° 7 ftfc 7* ;p 7 r 7 * - ^7 ^ 2 tizm&K ti, if S 

1 N^S i C t^o?tJ;^^fl-^^^^^^#*M#M (H8 Ad^TIi, 
(3 6) K iot@/7?tlTV^) j)\ P EC VDlM^^ffl LTJtM^ 

[ 0 0 5 4 ] 

7 7f-^-X^f4S (2 2) PECVDlMT*«fflLTJtM1-^o 
"C*^Jfafi¥$*L4 J: *) fc> 7>f^a-X|ffif (2 2) <£>J¥3fi, it^li, ftlOn 
m-|]80nm^t^o ^H^T&tUf, ft^ll&JiK&mS t ^c^Jfe^ 
SI K £ ^ Ti£ffl 3 ft Z> n 2 S&ift K ?fM 2 fi & r y X fc: ^ - X n m L T JfrSI X n 
^9^>^Hffi^^#1-*-^ti, Jl»^ti^>-e^6 9o 1?!lxJ2\ Hi 2 0 nmtv^i? 

£ 3 ti ? fcr^f-t: ^-xm^^Lxm^ntzryx^ a-xi:^^ti±, 7° 

*M#f4S (3 8) 7>flia-XMl (2 2) ±Hfi£]!U SL±^1tt^^a 
^MS^&^'J 7£MJi«LT^tt*#f££, #4t£o 
[ 0 0 5 5 ] 

T^MS (24) S:, |j25nm^2 0 0 nratv>9)f3r4oT, PVD 

m^imLx, fiEsrr&o f<ot, (2 8) a-jt^ii (2 4) j:« 

Jl1-* 0 BMfcM (2 8) &5 0 0 *y?X hn~A~$j4 , 0 0 0t>^fn- 
)«£tl& 0 MtlS (2 8) XK7* M/^hSMU SHbtlS (2 8 

) ^xyfvm, X7fy», 7* h vv* hg£B£*u ®o7tm^t/JS^\ 

I^v77 t LTflJffl 3*1, A'JT^II (2 4) ^ilfT'/fKa-^fti (2 2) 
V^WIt Jx-yf t LTHiino A l , Ti, Ta, TaN, 

fcitf, T i r/^r> (W) K#1-£*§:£^'I££^L"C^££ tKX *K 

P VDi fctiC VDC J;^gv^7 7jg (1)2 5 nm~|]5 0 nm) £fc, [S 

T^Mi (2 4) cDX^f-^^^^LTooHv^VT,^ (2 8) tU, fffltiltt 

t§s 0 $y x^xym (28) fi, & 2 5 0 # y xt, y u - a 4 , 0 0 0 * y xt, 

hn-Afcv^l^-CtoT, #f i L < tiift 5 0 0 # 7 ^7 fn-Atv^lJt^T 
, BfcJg1-*ii:**-C§2>o €^7^^^^ftL^lC, ^TV>47* M-77 h 

U £M®Jf±^»^4£»£«;-i:&< , (2 4) S:x y f>mcii 

^-C^&o ^MS (2 4) (D^yXy XfeKlt, ^>nf>l*77^it x-;f 

Kte^^^^l-^ t T^;V7 T7^-^7glT7f-tU.-X#f4S (22) cOlfM 

(K) ^fl5W3i*4^s:ti<, ikmm*^yXyxu§&t\ J ^oitt 

-To 08A(i, Aijrill (2 4) MtJS S ^ t± ? 7 r >1 (2 
[ 0 0 5 6 ] 

7>ft^XPit, ftt©^^#*ih A'JT^JSS (2 4) m\MWk* 
iz\±*?y ^7r>I*v7^ ^liLlfcotti:, (4 0) /^ T J 
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T^MS (2 4) co^B<7)±^^fM1-^o Z-<T>^*?m (4 0) <D^mt, m (3 6, 

2 2, 3 8, 2 4) ^t,45r>ft TIISJ <DftVt*M < m-fZ>Zt-C&Z> 0 ^(D 

^Uyf^n^iH^n,, S8BI1, -y TWffcftT, 7>f- 

t a - Xfl0 WIS? tL/:t<?)^T^-3 T, ££^0, V7^g (4 0) 
ft (7) S# d is ( t £ flf * %k L T V ^ o 
[ 0 0 5 7 ] 

08 Ct'is^Tfi, 7,^7 m (4 0) (i, '7 7°£f£ffl Lt, @0' 

^*^tLTV^ 0 «S (3 5) T>f-t^-X|fjS$-^1-ffi^(7)S ( 3 6, 2 2, 

3 8, 2 4 ) Jifcfc^T, fcjltf, mum (18) <7)gffiffii:^£ V>T, im&&* 

mm (35) M<^x^-^t)»« 0 ±mms.mmm (2 6) 

(3 5) J:i:lIU ^'J T^JgJg (2 4) K*f LT^m^Clft^fcfr 9 o 
^Jgxyf-^^r y ttxnt^ffik Lt\ v7.^Jf (4 2) t*W^7t f'JV 

^"7 7^ -IMT^^ffll-^rt^ioT^JifflSliM (2 6) J:tC#Jt1-^o £c7)vx 

(4 2) ^iu, ^Mffls^e (2 6) <DmmmzMfct&o mscu, v 

X^Jg (4 2) ^B^m^*oT^^^o^i>yf->^^T^ 7°c7)iuc7)^^Jli3lt^# 
I^LTl^o 04tf 3 \ #M^yf->^-f^ TV) 7 x.-X (60) 0) 

[ 0 0 5 8 ] 

>je^ 4 tz ti 7 y ^>4?fc < J; o t t: > ^ $ tt£ 7 * ;v 7 r * * - y 

&2>^li, 7^JV7T7y'j3>A-;qF\ ^ftffltS i 1 1: <t f), Tn^^>^a 

n«tt7'f ?;* y y^^i^^h^t t \t-v>y\ *? \xjv*yy\ tm± 

3*1 So 
[ 0 0 5 9 ] 

OflU&^iE£fr ? - ttf~C%& 0 Lfctf*oT, 4^PJ^i, ^l©tii:iLTifi(7) 
l«^^1"i:!e#^Jc7)^ttBl^ J:oTK^tl^^c7)-e(i:^<, 4^ii, #fF»^cr) 

[0®C7)W#^^0/1] 

[ 0 0 6 0 ] 

[m i] 7 ^-xoni ^jfc^a8£jSTSfffiia-c£>*>o 

[0 2] 7^fta-X?)|2$Ml^75tIIIt$l)o 

[03] 7 > f - 1 a. - X(d% 3 * j^TSf £> o 
[04]7>f-^-Xc^4^»l£^TM07?&&o 

[0 5 A] @l<?)7>fta-X|:||U ffM7°n4r7 > <7)#^'e C 7)fij3g^^1-ilfffi0^ 

[05B] ii<?)7>fta-X(:iu fmy°v^7,<D&m&^<Dmf&*^tWMm^ 
[05 c] 0 1 (DTy^-n^-XKmL, f^v°u^7<D&n&^^m^7F-t^mm-^ 
[0 6 a] 0 2c7)T>f-i;^-xnrit, fmy°v^7,<D&m&^<7>m}& 7 k7jk-f ] &{mm-Z' 

[06 C] 02c7)T>f-li^-XtMt, f^7 o n-t:7 > (7)#B#A-e«fiK^^1-ilfffl0-C 
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[0 8 C] 04c7)7>f-H^-XtML, ffM^n-fe^c7?#^^(7)|iJt^^1-ilfffi0^ 
[ 0 0 6 1 ] 

io &MM&M>Ty*f~*.=L-% 

1 6 ^sfflssi^e 

1 8 III 

20 * yp^y-f^y 

2 4 ^UT&MS 

2 6 £Mffl£^Jf 

2 8 9 >?7,T >S> IV»7^ * 

3 0 ^S^ir>fta-x 

3 2 T^MS 
3 4 

3 5 #jjPW^«JS> ^--9- 

3 6 ttifM^S 

3 8 ttir«#Wg 

4 0 7X^1 

4 2 7X^1 

5 0 iIMi7>flia-X 

6 0 iIMl7>fH^-X 
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CARRON-CONTAINING ANTJFUSE MATBRJAL 
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HGS. (jA th 6C .i r c-lli ir 1 1 7 i c 

Ml i I l r in (I - i nut in i - n in [ r 

1-HiS. .'A r:.-. n : i". ■(. .tv cross-K^ona vit^ l!"C uiitifLSc of HO. 3 ,):,-.-. -,jz Lit 
slr.i-.-i" it c-^slin- - n:-, in :lu Idv-A'iLk'ii pro^L-o: di;-:l 



KII'llOKOl 



T:x-. imi t<! i i .1 il ii -11 t » t t nl iru.ii U 



•i mi'; : p" I :. v- i= ui^ur-a^ ,-novo a ;:-.'.'cr meul hmv_ai^c: In; a. ihc issuiating layer 
liic.imfcs a via r rme. i.ivi eii 1 i u--n ni t a Uil<h ujitfact with, the 

k«*'ti metal interconnect hxycr.. IT.- ^.rv.:-;. r, rVvn: R:r:.r.:> n k>v.i't d< d "o/ir, i< :hv xih.-: 

ItlL ^ 1 Ultl 'tUl UJ^Sl V[lt I U I tl j U <L f .11 lit 



n in FIG. 1 , substrate 12 is shown covered by 
,yer 16. Persons of ordinary sfnii :n in;- art win 
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thickness from between, about 400 nanometers (am) to about 1,000 am, is disposed cbove 
tacts n c ni 1 I r lud jiL«enp%20forniBdijiavialJjBretrnOTghaDd 
L 1 i 1 I nu i nr 1 ' \ li -\ , 1 1 i .- L jt the upper surfaces 

t i insulating layer 18 and tungsten plug 20 may be plansrized to provide a relatively flat 
mi ii i n i mlii v it i 1 t i„ It- iK 20 maybe raised, 

above His surface of the insulating layer 18 by perform i e planum: i i lag CMP 

plug I be n it i i i a ;J;JCi :2 la ' I lit t i 1 H r m ti i ip 

in 1 1mn -i.nt ii -In ii ir hi L if II I . t 1 ti L Hi I - iluo' i ini 
r T ' 1,1 1 ,! 1 ' 11 3 1 

as of the fisiieaaiui as tin 



-uifTf-tir. pl-g Ji' r\ a krv pi.. pa -slai Bala .'...olyk'ia' ,;as i'%B.S 

For eaaiaple, 2k aalili oo ii.au.iial i.oor 22 ill",- an foinaM fisiii; saasahrus carbon. 
trji.-l T .li.i,i, nha u.'tv.i '.'.ill' Human. .!.' Ii'.alros.sii. t,r iiirair->bnl< loln'sl aarhiik basins ,. 
ihiotnosi, .,1 ln-tween .about In nu , ul urn n nil li 22 K 

I I iliii'iljbaja Ul p 1.221 hiajTOiiHi, 'It,' i ) 11 'a 

lYuM 1 atomic pcltvui to alalia 20 sl'aiil.s, pr iia'l. Where aaplnse lajia.a 2 layer 22 is 
tnnned front amorphoio :all2i.ai doped ../all. tliiorinr:, rac tiiinr-r.e toiling should be from 
about 0.5 atoxic penair to ab.ai:; 21) at-a-To; percent. Wl-n.ru- aiiul-aac iiiati'iia) iavsi 2.2 is 
fonntal bom silicon aarbitla. :ha nciaannja: i'f niirb'.r aloi'is in 2aa oaaioaioa siloabi lie 

greater than SO*. 

Antifuse material layer 22 may also be formed from a combination of layers. A first 
example !> * l«*er of 1111101,111010 Mii. oa oarbi.de having a tMcliaess of about 15 nm. 0 layer 
of amorphous carbon having a thickness of between about 10 mil and about 80 am, and a 

layer of amorphous siiit nn Liiirba.2e iiasara a tlarb'-.rss ft aboat 2 2 ilaa. A second example is 

a layei of amorphous silicon nitride having a thickness of about 2.5 am, a layer of 
an.orola.a.a. ana" a; hasaapa Ho.- lar.-asa a,f aaiaivEii afaol io ioa can alioai 80 nm, and a layer 
oil amoiphiai s srii.oai nilriik. i.s..ian a taa-l'-iias-i aaois 2.5 mil. 

Wliea the ajmfuse material layer 22 comprises amorphous carbon or doped 
amorphous carbon, a thin (e.g„ 2.5 nm) ailhesion-promoling layer of SiN or SiC (not shown 
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in FIG. i wiD be identified by the same reference numerals. Also, unl 
Ek materials an 

an of FIG. 1. 
m covered by insulating 
layer 4nwS r.et;i t mm il * L r| ' ' •> f ^t i-'JCiiixsmillostratedin 
1 1 1 " t I I ( i I il 

Inn - ii ,1 ii i nHjl i t t e 



lit i 1 j i i l ' i i 

irixm imm! jnten « layer 16 jnd includes a tungsten plug 20 formed in a via 
therethrough and I r ill t l t 

the upper surfaces ot m-u iflnth-i 11 1 i i il :o may be ptaaarized id provide a 
I |].>.L surface . II l II .inliiM d(). It t I i, il n 

ais.y ;.k- ia.i.-.ad .sV-'ave lbs ssniaa^ a: llie msu.alaig laser ,:i> by raevfo.rniin;: phinid'eaiieri miiiy 
<T\i r ' i h i =n - mi-r.gj p ,r,ii. I a i l i , ii. mi n 

As previously mcfiHtrnd. the ciubuaiuai: uV ,ii'-."iii.,r of i n;, j ss.-a.des na 

aadsTioratl 3:jisr asas.d " ,iy.:r J a d:ei|,asad .iclsv. asi are t::|-, aiietsre in she ra n a re r. rlsy sad 
d» imiiftise urw.tai 1 lyr.r ',!.: Aro.lu*.- i o&uol level r is the same as that disclosed with 



A barrier metal layer 2-1 Mica as. la. TaN. T«C. Ti, T.iC, o: TtN having* thickness of 
about 25 nm to amsel alld tui is ■.ia-.piat... :i u'ssi Ise fi.ail'iise ie\are:ia: .aver Tbrmijva an upoer 
tiectrode jf Ihe antifuse 30 of FIG, 2 to tin- cn-.hrxiiT.cnt il usiratcd a, Hit.,. 2. jr: oxide layer 
s , ^ r i r t i - ' I pi n i deposited on the 

r.s.i'da. a,;,:- i-s.l!ie; ox 'Jo laver i; eti.'hrd. ron:.v.vi-,;,4idiit>y I in | ,| i.lh ».',: -. si a, Mii n a-J arid 

the remaining oxide layer is kit as a hard ««<*, m-.hw as an eleh mask when etching the 
barrier metal layer 24 and the antifuse material layer 22. This oxide layer 28 protects the. 
antifuse material lavtr ft 1 i 'i ii 1 i < i i - t dripping step. Since 
AS, Ti, Ta, TaC. TiC, TaN, and TiN have high selectivity to tungsten (W), a tliin layer of 
PVD or CVD tuhgstea (about 25 lira to about 50 urn? can also be used as a hard mask 28 to 
etch the underlying metal 24. Since the tungsten layer is thin, only a thin layer of photoresist 
is required to pattern the hard mask. Once the hard mask is open, the remaining photoresist 
is.stripped and metal layer 24 can be etched without organic material present on the metal 
stack, Once the metal layer 24 is etched, the tungsten hard mask can be etched in reactive 
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i I ii h Ley. It .i dso possible to leave the thia tungsten layer 

i , t I 1 he oxide Qr tungsten hard mask provides high etch sdectivily 
Md H* possibility to etch rccts'a »Ur il ..ifettms the dielectric constant valse (K) and 



, ',ii i nrlirrnrLe having a tliickness 

or about 100 iin; in ahoai aOt.i may. be employed over the ?tmr-urc including barrier 

Krivno'p now to Pit., "<. j ci.ns -e^iuiial \iav show., a third illustrative nwtalto- 

i ii- I ill ?G The Hlil illlo.oaOai i Hi 5 ,s i 1 1 ' to , „■ r li ei t 
i t li H bi I tl ifi aoaoo bi bio eoo.ot.olioi: cl II a otfresooiojln': to .orrvoroo 
ia FIG. 1 Vail lui ::]..:n!.iUi::! 1 V till- lonir 1 - :t lOla O iTil.Oanls. Aba. Uabo, a I .a. na-lab 

|ajrOjr± ul i ii i o ;Oia in a an i pi r I I i i in I il i i tin i it li 

various iayere vaib oe .taobir to tfu.oa lioekbiol witli -espool !o oa- e.nao.iii:i.en! t,i FIG I. 
In to.e eiiiboibiiiioii Obi 

FIG. 1, persons of ordinary slolj in lbs a! mil rtalire m FKi. ? is merely illustrative and 



the upper surfaces of Insulating layer i 8 and tungsten plug 20 may be planar Lsed 10 provide a 
relatively fist surface upon whicb to fabricate aniiboo w. Altanoiivclt. tungsten plug 20 

ro.lYbe -abed aba\'£ III.' oirta.o 01 bio li.oibita.i?. ar.ai i-.y -*st furcny p lawUthM using 

CMP techniques or by performing a plasms oxiete etch after planariyjition. 

plug 20. AlltifuSe iMObaiaJ layer 21 o ilia faille OS dial (liso!o,i:,! wirh respecf to tile 
! I. \ baniei melti! 'aye- 1-1 sod. a: To 1'aN, Tat. . li TIC. or TiN 



layer forming an upper electrode of t'.io aoitf r,e sn ol no. }. in the cmbodimeiu 
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5 raetul integrated cite 

Iiu;nhti.b:.a bycr IS, ia 

above metal interconnect layer 16 and includes a tungsten plag 20 fanned m a via 
ttteretbrough ami electrically coupled to metal Interconnect layer 16. As is knowa m tbe art, 
It I III It mated to provide a 

10 I ti . - f - in i in t i tin I' i ! aieine , 1 1 1 ! ■' 1 1 ■ si:' 60. Aihentativirly, tungsten g?)u J£ 20 
11 I 1 1 ill I' . . til 11 . I H i i jt i i 1 i i 1 in i ill it ! it 



20 the prn.iU.TeM'-. a- - innp-J and lac rcn.aiuiii a ■a.-ide lavcr i, iei'i as a haaj laaik, achiilL' as an 
'Ml mast wlii-M etching -<>-: hai'l.c nielai /'I .mil ilia aiaiais.i laatiiial Inyei 72 "ill.? 

•»Mb 2K pnaeci. l a antique iriarcajti layei ail! :na.i hn.ia laninvah daiini. Die 

alititoresisl srripy.ji f step, .a nice A!, it. la. laC. l aN, 1 ]C, and l',N have lag!, selectivity t„ 
n mi l W a In a I s F> la CYD i i I _ aai . a> a at; I eaa j' 

25 Ik used as a hard mask 28 to etch the uu<L K i _ i la -n i I listen layer is thin, 
only a lain atycr of aaotaras st i; laiuiraa it. rumcni the ajial moss. Once the hard mask is 
open. tctsinitlini- pr--.aar.-.isr s itrippral ..-|i,1 Hiatal a-ver '4 can .writf-rd v.'it:ioi!t organic 
raateria. caescyii am [he aa-al ai.ieea Once .he rraelh lava- a t h etched, [he taaaataa iliac 

tast it h 1 a i n r I i l > 1 u the thin tungsten 

all iayer aeuve the oscliaa naay.l -yah "t he ari.hla ay hinyi-ic: aia-.l raask provides high etch 

sdcctiviity and the possibility to etch metals without affecting the dielectric omwmI value 
(K)amrtmecildliJi.ilpiiip if., i.t tin .iiiiiii- .. la i a it - in t. n Uayer22. 

A difference between the embodiments of FIGS. 1 and 4 fcthat an additional 
ins«lfiting!fiyororspan»3S,th«ruay<»mi)iisc .. iiepavaeihiaver.a'iilta.in nitride or silicon 

about 100 am preferred, may he employed covering and adjacent to the structore including 
antiftiso material lave- a 2 are hairier Hiatal layer 24, as shown in FIG. 4. This material 
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itifuse material layer 22 from shorting with die metal interconnect layer 26. Metal 
L ill i i r 1 1 i _ 

ftteHEHU.4, 

P t r I » 1 1 1 ll 1 c I lilt 

.sr. "/jftUHf jr : i.-!/?.".>j [injurs -.he i;:hniunnn process. Since tile fab-Ji-Hion 01 
ii i i i insnlntiny iayer .ir_-i; 'n plug 20 In 1 
! ! i , i i II ia •inn ,b-r i r w insulating 

1 :i ar.,1 niK-.-'-r. p/.ia 2r> s; the strj-titij po.as for the fafcricafioa process. 
loOcoorm li 1 L . ( 1 .v\. it [ 1 1 FIG . rlr jl 1 1 mm,, raitr l 
Ji r 1 1 i 1 I i I Is i 

ii, :i I'm u.il-.j^.irn-, ■roioohi i.i:ik-rijl Ir.j.-r sucli .s SiN oi UiC (f.liown in FIG. 2 .it 



croxoio; : n lire dc!o:OG po^iompxiic •.■c-ini.rj- fo- ih- :o::odoO i.nlrfure. ll no'/eiFiiry. o toin 
dti> ion ^r, i li^ n r J i i I i i I 2.. r~ 

m j, 'ii i ' 1 i * ,1 I I , I I r In N: G:}ios 1. i 

Next, biimcr metal iayer 24 is deposited to a thickness of about 25 nm to about 200 
25 mil usintj PVD sprtlrenrii' lodcnqino. I'mi o:,-d.- lnvt- 2i 15 iirp.sited ovsr the barrier metal 

-.vill: aoou.t .'/.CO oripOTnio'. prs'ero-d \ l;p. TT p imMti-jsi k ;i,-;.; >-Li .,:,7 i.m osfe lavi-r 

i ruiiii i 1 i o I ii- .i Ii il iMi.i* jr an ' 1 ei ecching the barrier 
30 metal Layer 24 and the antifuse material layer 22. Since Al. Ti, TiC, Ta, TaC, TaN, and TIN 
have high selectivity So tungsten (W), » thin layer oi PVD or CVD tungsten (about 25 nm to 

oliow. 5;> nn-:'- cv.o ri. ; sc no used ;if ;r hard naro: 2S in I:n: rErl.-riyiag metal 24. The 
tsmgsten iayer 2S can be deposited at about 250 angstroms to about 4,000 angstroms, with 
about 500 angstroms preferred. Once the ham* mast is open, the remuining photoresist is 

35 trtpt ' ind nil I 1 ll n ^4 in 1 i i 1 i ii i nn i ,1 i pi ri Die i Ijl 

stack. Once Use metal layer 24 is etched, the tungsten hard mask can be etched. It is also 
possible to leave the thin tungsten layer above the piaha! n-«t*l si «.* I re nude or tungsten 
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hard mast providsss bigin etch selectivity and she possibility to etch metals without affectibg 

1', ieJeclrieci .1 full 1 „, , c ilpr r t l j_l t n u it] 

raalcrlou layer 23 RG 5A depicts the paitsally-compieSEd aatffljsc structure affet she 
dej < :i u> i ' if barrier metal layer 24 aoc) the; oxide or tungsten layer 2*. 

After aistifuse material layer, any necessary adhesion layers, and barrier metal layer 
1 1 l l iri„ n 1, li i i i ii y^S-- , I j t i 

i r I i i i I ] ! i i f stidr" cotnprJsidg 

1 i _ i in 1 I r i F J t t t ir ] 

t h I I L I I tt 1 din 1 

J 11 r i i i i 

R-i..Lrriiiy li-.w t,; All.;. X. masl-tnii layer iii 1'- rcmir.ed conventional mast 

AlAy-iir. HCj.ii Ail o-.i-ik- l.-yu; mot -iLu-.ni'i is t'.ii-ntrj ;in,l ilri-T.oc ro protect tdc >:d;s of the 
set l*yer 26 is deposited over the layers 36, 22, 38. and 
m r if i ii-, , - Cunt i-cwn.), and the 
curoicc: ii ti l of tri i j I 1 , i W i 1 r 1? A l I - u 3 

1 L 1L 1 I 1 L i 

.Win rill** t I II ii i i I i t_ I I i 5 r r , , 

1 1 I I t ' I ii ^ 

il 1 I . I 1 i r i i i 

tin b, Hk-o fnrruwj In uii i i ui „ u ri i t n deposited v. fix 



keffsrinj! now lo FIGS. tiA Amu, 
the antifuse 30 of PIG- 2 existing at select 

t p t ii- FIGS. '"A i l i II if t incnem iv.i h..,._. :>.r- 1 r, 1 tie 

plmari zafjon of the insulating layer 18 and tungsten plug 20 (or raising of she tungsten ping 
lj Hi i 11 tl i hi pi steps. Therefore, all of FIGS. 6A through 6C 
srine, ii ir i i .ii,;; ; s n ] in ] I _ n i ll 11 j r fur the fabrication 

Referring first lo FJG. 6A, arrtrfuse 30 cf FIG. 1 is iatojeated by depositing barrier 
metal layer 32 over tungsten plug 20 and insulating layei IS. Antifuse material layer 22 is 
then deposited over barrier rnetai irycr i; As pve'.-umsly r-ui.-o. i: tuituse layer 22 is to be 
formed from a layer of amorphous carbon or doped amorphous carbon, a thin adhesion- 

10 
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ii - • , , i , .i i > 

deposited using PECVD techniques, 

Aniiftjse layer 22 is then deposiied using PECVB techniques. As will be nppreastsd 
I i t 1 t J 

«aab 1 i i i , il-i t ii n n - kiilai persons will realizK thai the sijickaess used ia 



programming vollnge t. i die i hr 1 ;a- i, ■ r • - inu. an smtifiise fabricated with fmch 
an Mitlftisc layer having a thickness of about 20 run will require about 5 volts for 
programming. If ncni^aj a ihi.i a,.l! iw.piwK.fci naterial layer 38 is ihen deposited 
rt I j 1 J If l.i <t hi -Li tl I j -r 

15 be deposited. 

Next, barrier metal layer 21 is deposited to a thickness of about 25 nm to about 200 
:aa. ask:-; 11 |i t i i I 1 - := I -i I " I lint I ,t 24. 

I lit J J 1 I 'I 

I r ii A lay;:: |i:i,i|ra:.fSis: is ap r d a h- c .ay c - lei inJ i lien 

oiide layer 2S e: clcatu. Foilevina «clkj S . the p.Panrv/eaiat b .rapped aad [ha reicakiij g 

luyer 24 ar.,.1 1 j ,11 i lalerial > ?.. Sme<: -\ [it 1 Ik I i- \ Hava 

high selectivity to tungsten (W), a thin layer of PVD or CVD tungsten (about 25 ram to about 

50 urn) can J J» I 1 ai; , I I i h h ur I ' i t I a I , 111 1 in <„ll 

25 layer :<s ,.'-tii ti, tUj.i.sit.1 t .In n.ii- r annul ml - L^lrnms. with about 500 



III 1 l II 

30 h r l nlali I Ii a ;he I t re- a?eh r 1 without ui d,e d J tin. 

constant value IK) i n-rturnul i pa t-i amorphous carbon antifusc material 

; .. iV ,.r a p."-. ii..\ depicts the nana jib '-aeijpkied rativase S»J' nr.' a :I:,t li e deposition Of 

barrier metal layer 24 and the oxide or tungsten layer 28. 

ty adltcslon layers, and barrier metal layer 24 



surface of barrier metal layer 24 to define the shape of the anUfuse "stack" comprising layers 
112, 36, 22, 38, and 24. A coitveadMial etching step is then performed to etch the, antifusc 
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5 slack to Ibe desire Bdt| ' I ' - 'emeuiDg after Be etching step 

Referring now lo PIG. SC. masking layer 40 is removed using coBvcurioaal mask- 

r r i i _n,i^ i i 1 r ] * r — 

11° i i ! i I tl 1 il i ii I Mng layer IS. 

i() i.or.vcit ni-.a; r;. :!s j i: .p„ ...nl aialiai;-; |i-.:!i:i-'i).i:^ ijni- iijwt; are uh: employed to form a 
contact via hi t i al ) I n 1 fn rrK 1 nlcrcouaect layer 16 is deposited over 
aiiaiatiaa- Javar 3a aral -tj da> a-ana-ai via a.liai,: it a. aiaCiricolly connected to barrier metal 

a , i 1-^1 l-i 1 t I T lii coo I i i 1 

aaiaajiiiaaaiarl -a.: h ir ia 71 -l i ,jr, i a mclal-ciah ; ,.,p 1 Ml t a aaoaiarry 
15 metal interconnect 26 - Fi0 - 6C: d«pici- the. vja_ld"c a-.astaaa sfti-r forrairrg ira^UJln 
i i t_li i i U ai til i ii 1 i i I t ri liif ii I i 

t i i i n h.ia a 

alaaaiiaia la'-v a.; Hi " 1 i < s l i I v:o^'> ^baiv 1 hi I - r 




show ilia ia-ailaliiij; aua! 18 al.l taa.astcal pl'ja, 2!' ia; Ilia .Martin;; pain! air il.a anriclaa; 

25 Kefarrnap. lira tr. III). i.\. aa.ifiisi. aO of FIH. 3 ia. avaaraia-rl hy d-aasiutia amimse 

malarial laaai 22 i va'- aai^sLaa plaa; -U a a .i raadaana iayaa la. As praviua--:a aialaaa ii. 
ajadli^i' Invar- 22 la iv a.aiaial lata: a ayar af amarpbans aar-aai ar iapad aj.-laipi.a-aa 

I i I i i t i ' i l 

30 AJinfase iaycr 22 is then deposited using FECVD techniques. As will be appreciated by 

parsons , nar j'l la li an alia in I u ' al i i • i 1 T, 1 1 1 , -r 2 is usually £rom 

about 10 im to about 80 in. Such skilled pofsons wiii realize that the thickness used in an 
actual embodiment disposed on an mtegrataci i.iaua a... aaaand an the desired 
progratjuniiig voltage for the finished arriifuse. For example, an antifnse fabricated with such 
35 an arnifuse layer having a thickness of about 20 nm will require about 5 volts Jot 
programming, if necessary, a thin adheswii-rraaaaiaip laiiiaial Jsvct 3S is then deposited 
oyer the mjiifuse material luyct to provide adhesion for the overlying hairier metal layer to 
12 
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l t L.T1 i ill ti t. i. i,l Lira a) J - 11 j "i a JJ i 

i\i , 1 i ii hr>- . 21 1 i it. I i t r e .• Hal layer 24. Tie 

s. ir ]'| i-r _ , L. " ii i i ' "in <" u tn in - ii ^ I -HI „a I Ul Vlih uti. 

i it 1 1 I- rim lI >iui i i i' 11 ff ted on die oxide layer 2S and then 
10 oxide iiiy.t is ti i I r II i i r sV i i r i is ii j " 1 and tire remaining 

j ! i r 1 i ii l Ii t 1 h l t" 11 i r v i 1 1 

, r i i ■■(ii i nc r I T.i T Ti 1 j'lM r 

i.i. i lil I I tii i » a I I - Hi i 1 _ \ T CO n r„ i iln u , nt t- it Jl 
50 run) cm ajto be t-.scii is a hard mask 2S to etch (he iMderlyhtg metal 24. The tungsten 
15 Wj urn **■ A-nmiled -it fhssil . ll aii.lii.i- .„ .11 : - IM iifaori. - I' shout <"!> 
ni'VSIloiiis prefer,, c. Orxs 1 iur. ilii-7 is I tu- 1 , -iniin.il' ? a. 01. -esi'.t si v r I it r 
.natal I. r 2 r c._i br 1 I - 1 I 1 | sn h 1 ll 1 Oram > - 

iti-laj vi I is 111 l'-e. aaisstet; 1 J mass, s sit l . h I is ;dsv> r i t I' 1 1 ' 1 
l 1 1111 

20 !■! ii 1 t<li Mltr 1 nl Li.; t jli .11 1 I 11 in ll 'l It t-i 

eousurit vr.lile i.K''. t ; i'i'lm:iiis ; il ;iu..'miI *.s .it ths ..1 -.nrai-.-as -;:i.rOv:n ami :~i_- ini±;ur:Li; 

layer 22. riG 7A . I. ..:. Ii- |i 1 II t jj 1 

l-aniia ui-ia fayar '.','■ sac tae ..ssise. or faiirsstess hyer s.S 

,\:'i. r iniilu-ic aanerial l:-y._i- ?2. say is.'. . ■.-■»!<, .: d: us- as latav Md 'sarn.r metai .layaj- 
7:5 M ntiil oxtri- or Imi.-sleti l.di'Jiii.^k Iii- .'u 1j:>: :. Ids nijii, 11 -ir.s-.;ir.; layer 40 J= t'msiwtl iner 
the surface of I 1 ' I 1 tin tl Iht 1 t it us s »r uimprising 

slack in flic (iesi.vL s;o :ietry. 150. 7B J erasls d.ia -5U..H un: aaa-aaata alUrr the etching step 
.Sid!:. .xdi.c rise shape at" the a'shtust stiiel,. bia anai-.a isi. i».U t aiastaac Javei SO. 

30 Rotcrriric. now to FIG. 7C, masking layer 40 is removed using conventional mask- 

stripping steps and an insulating layer 34 is deposited over the layers 36, 22, 38, and 24 
comprising the antifuso stack ant) the exposed snrface of ttic insulating layer 18. 
Conventional masking and etching leetaiqoes (not shewn) are then employed to form a 
contact via in UuralrtUg l«j*r Van. fin-tnl inter.r.n ae-' F.r.i.-- dis ,1 deposited over 

35 insulating layer 34 and in the contact via where it is electrically connected to barrier metal 
layer 24. A masUiig layer 42 is formed over metal interconnect layer 26 rising conventional 
photolithographic r. , lnnqi . hi 1 1 . 'i, 1 i< a r i_t.il " Ji step to define the geometry of 
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lyer 26- FIG I E 1 bi istmg alter font! 

II 1 l it 

pirrbniisec;: idtlic ri.i.-h:- cloiljtis it:.]) 

Inferring now to TEGS. SA througb 8C, crras-seotiooat views show tie so 
in ) it l'> 4. xi n ,1 r i . ut it I t H .npn;., 4 
J r i in 11^ ■> 'i" c < *s 1 | M i M> '■ 



er tungsten plug 20 ark : ir it it n. ' o . 



tit* ilii.:kn./ss .: ' ;i!:t:lN~.t- li.-k-iiiit iiiwT 2-' IS LSUlldy 



disposal .in nn integrated circuit u :li depend on the i-.ev.reJ 

|_1 LI L L 1 J » ll 1 t H llll 

25 an anriftise layer having a thickness of about 20 am will require about 5 votes for 



Next, biinii-i ri.ii. ; layer is is diipi.sitcc ro a Itiicircs-i nf abi.in' 35 irv ;o about 200 

nra using FVD techniques. Then oxide layer 28 is deposited over tlie barrier metal layer 24. 
The o\itk layer 28 is deposited at about 500 angstroms to about 4,000 angstroms, with about 
2,000 angstroms preferred. A layer of photoresi st is deposited on the oxide layer 28 and then 
oxide layer 28 is etched. Following etching, the photoresist is stripped and the remaining 
oxide Sayer is left as a hard mask, noting as an etch mask when caching the barrier metal 
layer 24 and the antifuse material layer 22. Since AJ, Ti, TiC, Ta. TaC. TaN, and TiN have 
high selectivity to tungsten (W), s lain layer of PVD or CVH wngstej) {about 25 inn to about 
50 nm) can also be used as a hard mask 28 to etch the underlying metal 24. The tungsten 
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layer 28 em be deposited at aba* 250 atBtamB to aba* 4,000 angstroms, with about 500 
angstroms preferred. Once the hard mask is open, the rcinsinine photoresist is stripped and 
, _1 i if ' i : material present on the metal fitaefc. Once the 

,1 4 I l I 1 i I ii i i 1 a fl 



l jri'l i i ' i 1 c i nJ «i r i it. 

;r 24 and axa.lr tu lia,; ;1 a.aa !,ni.] ii ink havs Jwrn formed, a aaa;airii; layer - 0 ia formed 
t hi -.ml, t i t f h i i 

m I 1 1 4 ii t I r t I- I i 'i I ,1 IP It i 1 

I in ll tr 11 1 P i ui , I r « ll 



ayripp : -ia <!apt raio an i.isnliiiji-i layer ?r : ii .lapa-alad .i'..'.r I a i - 22 and -4 
.. ii| iin ig ll i ''I I Ml i t|»-«»l sarlaea the air.Likv.ha tevef -'}. 

i.oracnL-aml jaaJtias ami .-r.-hi:*? r.--r n s mnt xlir'an) ao linai employed to fwrai 
insulotltis 'jsyit 'iS into apsea, .. Next, metal :rsTaraojinf a' lava. ay, ia da|.»..-;tart ever , pacer- 
aS .i:l.1 rr eleelnrayly coanecled a:, har.'ia; nieLa'i oyer 2 !. A i.iia.ata.ra layer 42 a- t.aiyaa.i , a/ay 
liaeta.: aHerearincLr laver a'a taony aoeaa.auaaaai plail.2- air a. i ay.re ■oa'iTquea in preparation 

,jir i - i i c * r r r 1 i| r ' 

t dtpiat.. the structure of ontiftise 60 after performance of the metal etching step. 

The use of amorphous carbon, amorphous carbon doped with at least one of 
hydrogen and {tacrine, at amorphous silicon carbide, as die anttftne material layer to metel- 
kM&eul nntifuses inhihits the "healing" or "switching" by which the conductive filament 



it will be understood by those sillied in the an that various changes may be lnadc and 
equivalents nidi «- m it It i It a i I' • ul departing from the scojieof the 
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FIG. 5C 



SUBSTITUTE SHEET (RULE 26) 
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FIG. 6B 




FIG. 6C 



SUBSTITUTE SHEET (RULE 26) 
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m&U] W 15#5j! 2 H (2003.5.2) 

[^mmiE i ] 

mtm^mm] 
mtaM i ] 

T« c7) £g ffiS® M J: # t Ttrlfii&S ^ * »c tfM £ ft tz 1 ®7t flKBeMS 
^fc ; 

jHEiigfc, JiffiftjHBilB*:, frfeTftiQ, lff|B^^B^\ 7^;V7tX 

3ftfc#^ frE>*i)ft3ftTvi& J: o ft, 7>fba-Xlf: ; 

-com) 7£mw±^nmziifcMnmt ; 

2 ] 

1 1" & &Jgfcf&JS 7 > a. - X 0 

[» 3 ] 

at^j 7&mmtTy^^^-^tmmtKfthxmnm^mm^x^&^2mm 

[» 4 ] 

£ k . it is 7 > f - ^ a. - ^ ft l x mm & k mm t tz xmm $ tuc x ^ - ^ £ 
mim 5 ] 

III 1 W&<F>&Mrft&M>Ty*f-^ i-Xt^T, 

ttf 5 7>fl^a-X§g))?g^ 10nra-80 nmt$*ltv^it^f 
^S7>fta^X 0 
[MS 6 ] 

ill lia^&jgft&jgT^f-fci-XK^T, 

lUfE/^J 7Ml?»f?^ 25nm~200 nm^ftTV^itMtt^Mt 
^I7>f ^ a-X 0 
[If « 7 ] 

wMMimMi l <D&mftikm7y?-t^-XK&^x, 

tu!E/^J 7iII^*ttfW> Tat, TaCt, T a Nt, Tit, TiCt, T i 

^t, ^h^h^)v-y'(D^^hm^tix^^c\t^mwt^h^mft±mTy^^^ 
-x 0 

8 ] 



(48) JP 2005-508571 A 2005.3.31 

m^m 9 ] 

mmrmummmm^K r ^ jv 7 7 * u j > t , 
m$M 1 0 ] 
m^m 1 1 ] 

mMMim^^Mn^Mryi-^^-XK^x, 

zhK, m&<v7£mM±.KmmtiK?yyxTym*mLx^&zbz$mtt 

[ft « 1 2 ] 

miMmfo^&ii& 2^^&mmmmm<vm^W2frtz&mi&m7y^t^-xx 

Xyfh ; 

icon 1 A'J 7^Jge^±H±^Ktt$*L?tT>'^m.-Xa-c^4 TlPJJtt^ 
fr-fegj^ J^lHiMiM&i^ fctifix-TfttK ffiia^feB^ 7 ^ ;v 7 7 ^ # 

titzttn frbm&ZHX^&Xn ^ T^f^a-Xfii: ; 
i(?)7>fl; 3 .-XIJ:i:£f?tL^2A'J 7^1Si: ; 

tulE^ 1 mum t it ie 7 > f - 1 a. - t itria^ l^'jr^iii: itiss 2 a U7iii 
tcoJiicffiM? ^7t^2«St ; 
tuie^2/^j 7^mm±Kmn^fitz±mnmt ; 

mt^rn 1 3 ] 

lUfe7^;V7 7^*-^>S^\ ZfC^J;^^^ *><7)^& < t t-Jl^ot K~ 

mt^rn 1 4 ] 

[If ^ 15] 

ff!57 > fKa-XS^)gg fl*. 10nra-80 n m t $ *L"CV>* £ t 1 1"i^Jg 

Ml7 , /ft^-X 0 
[If ^ 1 6 ] 
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TfiE/^J T&mmvW-Ztf, 2 5 nm- 2 0 0 nrat? tlX^& Cl t t 
[If 1 7 ] 

tufE/^J TMf^^tM^ Tat, TaCfc, TaNt, Tit, TiCt, T i 
[St 18] 

if^iliXiefc o&mft&M 7 y f- t ^ - x k & ^ x , 

lt|5^^B^\ 7^JV77^^-^>Ml, 

tti5TW#Mjte^^ 7 ^ jv 7 7 x is v j > # - / m k t t ^ t 1 1- a 
m^m 1 9 ] 

ttI5TW#MM^\ 7-^^777|ft-y'JJ>^U 

^jgr a-x 0 
[Mil 2 0 ] 

ft u i_2_iaic^^M^^M rvfta-xpM't, 

[ff^H2 1] 

If Jli_2_!S® CO^Jg^l TVflia-XWt, 

3^:, mrlB^2/-?'; T&JgS-tKEHS >^Xr >Jg£&fltLT^£ i t 
[If ^ 2 2 ] 

*t £S 7 > f - a. - X * ?fM1" * 46 CO #&-C& o T , 

mm t^y^xy-yy'y^t fc^fflft t ; 

^tlibMUit r/^f >7°9^tc0j:^7>f-ti J.-XS£^)j£U £<7>7 

^—^KX^X Y-\£y X^fitzT^^y r 7-,^-^y 7^JV77Xy'J 
■i Kt, ft & ^ - ~?<r> ft ^ £, g frifcff ff- fr MM £ ti tz co t L : 
c\cory^^^~xm±K, A'jr^Ii^ML; 

^^'JTMllC SHkMt ? >nt>§j:g?^ ^cQ/>ft < ^-tV £, ML 

fuISSHkM ^ 7: teffffa? >?Xt >m <D¥,ft*&& L ; 
iuiE7* fVy^M^iil; 

[Mt^K 2 3 ] 

If M 2 2 fBm^Tjfe K i3 ^ T , 

tu!£7>f-li^-XS^^]tH^tT^, lr!E7>^fca.~XS£, 2 . 5 nm- 8 0 n 
[If « 2 4 ] 
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fufe/^J T^MS^fiSU'^LTii, ffrfjMU 7#Jgg£, 2 5 nm- 2 0 0 nmh^ 

[ft 2 5 ] 

M n 2 2 faa^^fe k & ^ x , 

fuiE^ V 7^Me^5fM«LT{i, ItffE^U 7#JgS£, Tat, TaCt, TaNt 
, Tit, TiCt, T i Nt, frb%Z7Jl<-7<D*frtbW$i2flt:tf&frt>, Mt 

[ft ;£ll 2 6 ] 

m ii 2 2 mmco^m k&^x, 

itie^ u 7 ^se t tuiBT > f - n a. - xe t ifris«s t fr m&mmKmmM lkwlx 

[M^H 2 7 ] 

If ^ II 2 2 IBm^^jfe K £ v> T , 

2 8 ] 

ttfa±fflHfMjtM^, 7^7y^->'J3>AwM Kj3 i:0 ? 7^;V7 7^^kv'U J 

[WMM 2 9 ] 
If;fcll2 2JZM<D^&K&^X, 

tfrlSTfl ft 1 fig K£ J: 7 * JV 7 7 X V J 

>^^^^^;v-7cr)^^^g^^ti7v:Mll^^fM1-^ i t £ #m t 1" * 
[If ^ 3 0 ] 

mt n 2 2 taic^^fe k & v > t , 

mz7y^t^-xm_<DjfmKmLxte, T**vy*mws* t Ltz&mzft 3 ) it* 
3 1 ] 

Mn 2 6mm<Dij&KS5\,*x, 

[M^n 3 2 ] 

7>f^-xeMn fztb<D%mT& x , 
mmm t?> 7-77- y 77 ^ t l ; 
ttihmmm t ? y ? y ? ? y t <7>±Km 1 s^) r^mm^PML : 

ittaiii t , ^^ii t , ±Mttmumm t , *mk. ^ ?) t u mm 

7-^7 7 7# - t, %M&&XF*7 y%<Dn £><7V>& < t 77^ X-dX 
t: > g g jtfc 7 ^ JV 7 7 7 ft - ;g > t , 7^iV77^y'J Kt, £ 

r^2;t'J7^gBJ:t:, SIMM t 9 > £Z x >g t <0 5 ^ <D&% < -frfr, % 

friam^^a a tz \±mt^ y?7-f ym<nw$&Wm. t ; 
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Wt^M 3 3 ] 
[«f 3 4 ] 

[M^H 3 5 ] 

£M ft £M T > fc^ - X £ ffM 1- & ft g> fr£ t^T, 

% 1 mmm t^y^xv- > ??yt *mmt t ; 

ofcu 3 fen, atria r^jv7y^^-^>^ Tk^fe ^^7 7^(7)0 -^^>/> 

[MS 3 6 ] 

mt^M 3 7 ] 

mt^2mmmtmmmitmmtK^ gaia^^Mi ; 
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mt^m 3 8 ] 

7 y ± g j. -x ±MM±& fcfto:frfe-e& oL 

tuia r > f- 1: a it ^ ma^ tj r^gii ^ itriagfe 1 mmm tv>±K^ m2 mmm £ffM 
: 

rfc am, 

[# liffiiE 2 ] 
[ffiIE*f#*«!£] TO« 

m^m « 

[ 0 0 0 1 ] 

2 0 0 1 # 1 OH 2 B#it-emH^ tl/c^S#ltffilI^ 0 9 / 9 7 2, 8 2 5 
[ 0 0 0 2 ] 

-XS^#ffltTBfi£?tL^^S^^M7>f-m.-X^Pi1-^^^-e^^ 0 

twm^ft] 

[ 0 0 0 3 ] 

±mmm'&mm^mKfrmztifcTy?~tx.-xwmm%mz-x^z>o #miit±, 20^ 

[ 0 0 0 4 ] 

[iss^^i-^fc^co^m] 

[ 0 0 0 5 ] 
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7fc, 7jc|fj3 <t ^7 ^<7>^ *><7)/>£ < t ()-Ji:J:oT K^tf>^^tL^T^JV777 

T^JV77^y'j3>A-;UKh tf^fcS 7<7)4 1 >^S^2 tifc 

}±S i C t^vfz X T^fta-Xli:, fit ^ftcT^cT) 

[ 0 0 0 6 ] 
[ 0 0 0 7 ] 

[ 0 0 0 8 ] 

£ii*f r > f - 1: * - x i* , *if ^^###^^±77 « ^ t r <D*mfo&m* h 

[ 0 0 0 9 ] 

ttmi}^, mih}-\±, ^nK£&ikmft£mTy?-t^-x a o) ^ma^s 

tLTv^ 0 KlAt:^t»li:i3V^it SS (12) fi, (14) t^Uffl 

Siting (16) H:J:oTtI?tiTV^ 0 ^it#-<7&tui\ El 1 AtfWfc ii 
l^v^t, 33«fctf, £SfflS4ficS (16) ^!S^SfiJt^M01^^i3lt^^ 

[0 0 10] 

«S (18) fi, ^if 4 0 0 nm-l, 000 nmtv^H^tJIi^tl^ 

rUHtv'J 377)^M;£t^ ^t^T, (l 6) ±cset$^t^ 

& c «e (is) ti, la^rtn^^tL^o^jg+is^s (i6) cMLttMw 

C»litr/nf>77^* (2 0) i^tv^o ^itt^^S: J: i m 
mm (18) (D±M tr/nr>77^ (20) <?)±ffi t fi, 7>fta-X (1 0 ) 

it, ?>777>777* (2 0) ti, C M PSf L^ffift^fi 1 ^ i 1 1: J: o T 

[0011] 

0 1 A^*ttBS^£^Tti, 7>fta-Xf (2 2) 3&>\ ^>7*7,t>7'7 7' (2 0 
) i:HffiM£tlT^& 0 7>fta-XS (2 2) (i, T^;V7 7 J 
/tli7^^^=toT K-t: 7^$ Jlt7^il'77X*-*7 fc, 7^iV7r^y'J 37* 
-/M Kfc, ^^^&^;v-7^^^^^^tl^ T7777^7^afi (2 3) 
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(C 8 H 2 ) fc^ofcj: a ^Mft^^ ^ftffl Ltf ^±t:Sit& ^j^ci 

& n 

[0 0 12] 

fcli77ii:J:^t K-t°>7*£ft£7^JV77^#-#^^ *4V^i, 7^;V77 
7y'J Kj3>£>, MtSit^^ *tr 1 0 nm~$]8 0 nmb^f^ 

tt4it**fS4o T^^a-X gfl (2 3) 7jC^ CioTK^t'V^? tl£ 7 

4 0 %H^IHtt^^t^S 0 T^fca-X frff- (2 3) fr, 7-y|i:J:oTF- 

it^Ti^O. 5%-^2 0%tVMfSHtt^^^^ o 7>f-tu.-X #fi- (2 3) £ 
, n>7?-/M K^t>Bfi£1-S*^ii, «^£tt£#-#>)^-o£b^{i, 5 
0%^&7^& ! fe<75i:1-^§~C&&o 
[0 0 13] 

77fta-M (2 2) tf, £fc. Mii^M^-tjr^^ffMI-^^ 
if ( 3 6 . 3 8 ) Z.ttfX^Z>„ W,l<DMtt, &}2. 5 nmh^ W-Z^^Ltz 

7^)V7 7 7y'J K^^^lt, til 0 0 nmtv^lf^t 

L£7^;V7 7^#^>^£&Jlt, &2. 5nm^^l^tL/;7^JV7r7 
y'J K^^^it, fiio »2<7)f!l{i, *Ej2. 5 nmtv^H^^tL 

£7* ;V7 TXglti'V uyfr%i£2>mt^ Itll 0 nm~&8 0 nmtv^lf ?*|TLfc 
7^JV777*-^7^^^I>1^ $J2. 5nmtV^|?^tL/:7^JV77^gft 
v- ij 3 > ^ t, & 4 Jf t > "Cafe £ o 
[0 0 14] 

7>7-fc a-X fflffi (23) 7 ; EJV77^*-^>*^^|i K-ti ft £7* ;V 

77X*-^>^^1-^>^H{i, S i Ni fcttS i Cfrh%i>$\<> (Mx-tt> 2. 5n 
m) tt^feMMM, 7y^\i^-X Un (2 3) Qj:fcTfcKSgg»ia n itl^ctV), 
TWa- X frfl- (23) j: 7>fl:a- Xfff }£f*] <£» itjjgg fc <D H K & If Z> ft^imM 
Ztl&o W7j<-f&%: hlS, 7^*7 7X*-^7|>J^(iF-t 1 >7^tlf;7tJV7 7X 

[0 0 15] 

fglOffJt*, &2. 5 nmH^g^ll/r/'J 3 > Kfr ft &Til#»fEji 

B (3 6) t, ai Qnm-g)8QnmaMlf^tLfc7 ; ejV777^-^7^^^ 
(2 3) fc, %J2. 5 nmhnl^tl^y'j3>j?-/M F^^^HI 
rtifteiiB (3 8) t, T*$>Z> 0 m2<Vffltt, m2. 5nmhMg^tLfcl{hy'J 
uyfrhft&Tmttmtiimm (3 6) K^10nm-|i)8Qnmj:V^gg$:lrU7 
^JV777^-^>^g,^l,^l (2 3) t,%j2. 5nmh^gg^UMy 
Vn>^fr£±fflrt^H«Ji (3 8) t, 
[0 0 16] 

l!)25nm-|] 2 0 0 nmtv^ J??*|TLftWx.tfT a^T a N^T aC^Ti^Ti 
C^T i Nt^cTt «£ 7^JiS (24) 7>f-H^-X|tf4SJ:HSSS? ^ 

, 7>f-li^-Xcr)J:iJBS^^^1-S 0 £ ^"CM^-r^fl 2 *lfiMK£^Tfi, ^> 

yzTy/jyojimkTymx.- x wn (23) topgcit #jn fi9 * t fill ^ v 7 ^ 

SS^ffiM^tL^o 0 1 A^t-*ttBS^£^Tte, MVITZA^S (2 8) ^\ A'J7 
£SS (2 4) J:HKM^tLTV^S 0 Igv^^^B (2 8) (3, fflx-tf, 8^>'j3>g) 

[0 0 17] 
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^xit, m^7^m (2 8) fimtii~mi^ ^y t ^^tz£n%mmm^fm 

gtiT^T, &mJ§Ktt LT<DM&&J x > 7 ? Y^trn fcfcg)fM^Mta J:tCL 
[0 0 18] 

@2BCI±, = Mt-«t&^H^^JST>^m.^X (3 0) <Dffimm&7F2tlT^2> 0 B 

2 RKTjk-f^mMWut, mi A&xzfmiB KTF-t&^mpsM tm&<Di><D-c&z> a mi 
Ai3 xifm i B <pmmfm k&wz mjk t nm-r&m 2 B^iiii k & n & m & n 

c?)#®i3 =t $ 0 1 a jo j: to lB ^tiii KmLxji&LtzMB t m$tx& & 

[0 0 19] 

0 2 B^^Bl^^T^ (12) (JU Hi! (14) t^SfflS^inS (1 6 
) M:J:oTta$tLTv^ 0 0 l AMAimjJB^m^ t m%kK, Siftl,ti(f, 0 
2im^«gt:I^^:h SJitf. iSfflSMJf (16) i)K ^S®#S#Jt 

[ 0 0 2 0 ] 

mmm (i 8) ^^mik^ 3>^?,M$^t^oT, #Mffis^iis 

(16) ±H@B-l?tLTi/^ 0 «S (18) (i, la^rt^fM^ti^o^SfflSSil 

1 (16) KftLTH^&K^Sftfc^^-r^?^ (2 0) ffirx_T^£ 0 S 
i^MT^I^^Tii^ftJ: (1 8) <D±Wt?>7XT>7°7y (2 0 

) <a±ffifc(i, rvfti-x (3 0) oM^«tfM7 7 7 h^g®ML#^J; 
^ i: Wts So itinftx.T, ?>?ZTy7?y (20) ii, cmp& 

£fr? ttiaoT, «S (1 8) <?)Mm±*) t>±^k, |fe^S:i:^iS 0 
[ 0 0 2 1 ] 

MLfcJ:^:, 0 2 Bj75^lfcBf ^£v>Tii, * > 7*7 f > 7°7 ^coJ:ffl t 7 > f- n a 
- Xg (2 2) tOUC, tfJn&fc^'JT&HS (3 2) **S11$*L* 0 T>fl:a-X 
I (22) Ji, B1 A1MH 1 Bj O^ftBf eWLTtft^bfefc^lMCT-&& 0 
[ 0 0 2 2 ] 

fe25nm-|] 2 0 0 nrntv^ L/^JiifT a a N^T aC^Ti^Ti 

C^T i Nfc^ofc «fc ?£A T J Till (2 4) tj\ 7>fl:a- Xg (2 2) J^ffiM 
3*1, H21©7>fta^ (3 0) cOjlfflmtS^ffMI-^o 0 2 B_<7)^iftBH^£V> 
Tli, (2 8) ^ /^)7iil (2 4) ±H@Bl3*tfc&fl:^Bj: LTjfr 

tiK ^^77 t LxmMZfr, T&mm (2 4) 33 Jiffrvf-fc a-Xl (2 2) 

g)xyf>^(:felt£xyf> ^7 7^ £ LTgltto jv>7^^ § (2 8) l±, 7 

* h VV7 Y %fc£7 f^lHr^Ka- Xjj (2 2) S *16 - t * FTjlkT^ 
[ 0 0 2 3 ] 

02Ata, 02 B H^-f-rVM 7> t 7 ^ -X ^ £^ LT£ *K HI 2 A 

fc&^-na, ffij/ttf? yy^T y t^^tz x %£mmfi\ mv^77 (28) titt 

ffi^tLTV^o A U Ti, T a > TaN, jfcJtf, T i NtX 9V77s7~y (W) Kfcf 

S (&2 5 nm~^5 0 nm) ifc, UTOiSS (2 4) ^^KI&LT?) 
f^77^ (2 8) tLT, fffltiittTiio ^>77r>l^iv^ti:J:^ 

7* h k-77 h^^^sgv^s/itt^\ igv^T,^ (2 8) 

So Ig^v^^ (2 8) ^IfelfetC, ioTV^7nVy7f^|*L, £Mffg 
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MS (24) (Dx-yf-yyfeKtt, ?>?xt>u<d ] &\'^x?\*^ sf 6 it&m^it 
mLtLUMs^jryx-v^y? (rie) cio-rxyf >mrtA s ti4o 

02 A^^j-j: j J- y f- > ^ £ titz&Mffi M±K , f y yx-r > $L<pm\/**?7>? 

i (28) *n-tz.t tt^o BMh&i ti\t9yyxT y^h^^m^^^^MK^t 
a (22) (k) ^mmstmK&w*^z-z>z-t?£<, ^mm^^y^y? 

[ 0 0 2 4 ] 

1)100 nm-|] 2 0 0 nmH^H^tttrifty 'J n ^Mif |f jg k £ t 

^&\ii)m%mm (34) a 2 a& ±vm2 b k^-tx n ^vt&mm (32 

) t7>f^-Xi(22) £^'J7£JgJg (2 4) tSr«x.T*^»#itJ:H, KM t 

i^tt^o ^sffiss^s (2 6) a. mmm (34) i^seM^tu 

(3 4) ^IIlTM?tl^fM^lT, /fJTill (2 4) ^^LTM^M 

nit t%& 0 

[ 0 0 2 5 ] 

03 Afcli, zrMt- £&&MM&MTy?-Kx.-X (5 0) ^»fffilll^^^Ti/^ 0 0 
3A^1~*W!fi, EllA^*1"*ifeB3it|p|^'b<7)-e*4o 0 1 A^*^B!^ 
£ tt S fi£ fife i fcf SSI" & 0 3 A CO * ftf! H is tt & If fife li , \el C^-f - K <£ o £ ti T 

0 tCHlL^^K^i:, S*^&*Ui\ M*£Jf tfl? 3*^ 0 1 A 

[ 0 0 2 6 ] 

iSA^IIIIC^WTIt (12) ii, (14) t^MfflS^S (1 6 

fiJ^H^r^v^i:, fcjtf, ^JgffiS^MS (16) &Jg©#Jgfl|fifc?>&®IIII&fc 
[ 0 0 2 7 ] 

MM (1 8) (±> MI^ffiilitTtirm^^'J 3>75^f^$ti/t^^)T^oT, 
E^SS (16) J:^@Sm^tLTV^ 0 «Jg (18) fi, frtf^&i 
ffl2^S (16) KMLXmft&iKmtitZ tlti¥yyxT (2 0) S\ HwlX 

s -a* j: mm (1 s) ^iitr/^xr^y? 

^ (20) <D±mttt, r > f- > :, - x (5 0) mmm^immyy y Y^um^fm 
L'&&£ > )KWlk-f&zttf-e*i& 0 ztiK4tz-X, 9 y pzsT-y-fjy (20) 

y^^fcfr 9 itCiot, «S (18) <D%ffi* «9 t±^t, 
[ 0 0 2 8 ] 

iiUJ:^, 7^fta-X| (22) z>\ (2 0) ±tEH$ 

*LTV»4 0 7>fti-Xi (2 2) (*, 0 1 AjO^tifi&MfcfflLXMWLfz *><DkMt 
-C**o 1^2 5 nm-l)2 0 0 nmtv^lf ?S-tLfc«x.lfT a^T aN^T a C^T 

1 * T i C * T i N £ V> o «fc -9 'J T^MS (24) 7>fta- X##S± K 
@BWS*U B3A^)7>fta-X (5 0) G9±Hm4S£ffM L T 0 |3A?)t» 
H^iS^Tt^ M«S (2 8) ^\ ^'JT^JgJg (2 4) J:KSf? HX 

[ 0 0 2 9 ] 

0 1 AW^ISiSt 0 3A^**^lt(7)|igc7)ffijS^fi, 1^5 0 nm-|]2 0 0 nmk^ 
imZZGLtzftt L < \mi 0 0 nmH^Jf^MLT^ifty'J n>£ fcti^IHtv 
V 3 ^&<7>Jt«fE (PECVDMMUii) 

(3 4) 0 3 AC^t J: 7 fc> 7>ft^-Xi (2 2) t^'J 7ili (24) t 

*mnx%&M&t^> gewsit-eiio ^^#14^, 7>f-m.-xjg (22) 
^\ ^gffls^s (2 6) i^iwiTLS izk*&}jk-rz> 0 &mfflKmmm ( 
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2 6) ji, mmm (34) ±cst?tL, %<D%mm (34) £t j&L-nfc&stifcfa 

[ 0 0 3 0 ] 

l3Bt:^tHlIlt:j3V^lt Hv^^Jf (2 8) filx. if^My T J J > v> 
[ 0 0 3 1 ] 

04At~t±> zrMt'.t&^JS^^JST^^m.^X (6 0) ?>SfB0^2 tiT^& 0 0 
4 A^^1"*tt^l{±> 0 1 AK*1~*ifcB3l£ |^M<?)*)<?)-e*&o HlA^ttBIU' 

& ^ * it & t n m 1- & 0 4 a o ^ i n ^ i t & « (± , m c^-t k «t o t ^ 3 at t ^ a 
o m-n%L%\<*mK, ^t-e&tu*, hia 

[ 0 0 3 2 ] 

Ml A^^ttBlt 0 4A^^MBi tOK^fflit.irji:, #j 5 0 nm~$j2 0 0 nmt^ 
?J¥S£3lrLfc$?t t < fi^l 0 0 nmi:v>?)?3£#Lfc£'ffc-> I J n^^:l±-My 

ifcfi*^— 9" (3 5) @4AC^ti ? ^ 7>f ta-Xi (2 2) tA'JTi 

ta-Xf (2 2) ^\ ( 2 6) CMLTlfLTLi 9 £ £ Efr itl" S 

[ 0 0 3 3 ] 

Xj|M±^^MfflSMMg (2 6) QSi^Mo-C, Bfe^gti&» ( 
2 6) li, (3 5) ±;:£f3*l, 04 R}z^-t X *> CLT, A'J 7#SS (2 

4) CMLTlMinrj:^^,, E 4 A atmte<SH@v> (2 8) (Mix. 

(2 8) ti, B££gft&&£teftv> 0 
[ 0 0 3 4 ] 

@5A~@5C(±, BlA(07>fta-X(:ril. il7°n-t^i:|3^tM?ti/:# 

9$&-?<Dm&*7Fi-ffimm-c&i>o 7>fti-x do) (dw^k mmm as) t 

?y ?7,Ty-?77' (2 0) t ^P^tTcoJ^^MT^i^TO^^tfoTtm^^li^^tL 

T^£.r fcK«fc *K 0 5 A~0 5 CcOl-^Tc^lllfi, 7 > a. -Xfi^D -fe* <75|§£6 

Bt.ir^^v^T, «g (is) ttvyKTy-fjy (20) ^tLtv^ 0 

[ 0 0 3 5 ] 

0 5 Afcjj*T«fc ? fc, IlA^)7>f ti-X (10) ti, 9V77>T>~fjy (2 0) 

(18) tO±H > 7>fta-Xi (2 2) «Jt?^^o ±&Lfc<£ ? 
yy^^^-XM (2 2) ft Mx.tfP E CVDM^fffltS ^H: <£ o T5fclf£ fif- 

fiixitfs i n^s i ctv^tz£n%mifrihK&Mv>ttmmmmm ( 3 6. 3 8 ) £ 

[ 0 0 3 6 ] 

^#"C*tLra^$*L& «t 3 T>f-^J--X #l4 (2 3) OgStt, M^it, 
0nm-|]8 0nmi:?^ o i^^-e&fltf, «IS?tlSl?^ tl& 

* 9^ 
[ 0 0 3 7 ] 

^t, ^'J T^SS (24) ^|f]2 5nm^ 2 0 0 nrnb^SH4oT, PVD 
^^'J^tlMLT, J^M1-So Mkl^ZA^S (2 8) ^VT^MM (2 
4) JiMflTr&o ffi^A^S (2 8) It |fl5 0 0t>nfn-i~|]4, 0 0 0 
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[ 0 0 3 8 ] 

@5Bt:^tJ:Tt:, ^77^ 1 (2 8) ±C7tH/y^M (4 0) frfifcHgU * 
(7)^, 7^L_h_WL^!_LB (4 0) tUv^T^Jf (28) j: ^xyf>^t& n x.y*f-> 
7 * yisitxYm (4 0) £Efcjr j-&o flg^v^jf^ A'J TjfefiJf (2 4) 
$5£Zf7>^t^-XM (2 2) ^x^f-y ^t~j3tt£^yf->^^ i: UKt 
& c A U Ti, T a > TaN> j3£c?\ Ti 9yy7><r> (W) ^M1-&7\§& 

»^tLTV^it(:J;^ P VDifcliC VDi:USv^>^*^f >1 (It) 2 5 
nm~*t5 0 nm) flgl^7^ (2 8) LTftlt& ■! t 7 y77J-y 

gtOiv^^^ g (28) ti, & 2 5 0 * y 77 \ n - A -ft 4 , 0 0 0 ^>^hn- 

t^rt^t^^II (2 4) ^>^f>I©«l/^^^|± 
^>^SI?14S:*>fct>1-ti:*)t, 7^^77^*-#>l7^f^-X #fi (23) 

(Dmnmi (k) ^&s#w^f^x.i)ri:4<, ^sg£^f->^u#& 

[ 0 0 3 9 ] 

^5 Bt:/TtJ: n 7>f^a-^ (2 3) t , ft^j&^fcttirg t , /^'J7^ 
MS (2 4) %j^~7 7 7 (2 8) t, ^MLlfcottC, 7 * h l/y^ (4 
0) IgV^T.^B (2 8) ?)M?)±^ffM-f & n -COS (4 0) ?)lfi<Jli, g ( 

3 6, 2 2, 3 8, 2 4 . 2 8 ) ^£>£S T>^fc * -X flfSJ ?>^}££&5£1-*> it 
-C*4o «lft£^yf->X;*Ty 7°£fH ifcfcJ: *K MvivA^ (28) ^ 

IE v > v * ^ CO ^ftftfl* % 3 ti 7&<7> B# & X & o T , &j3^o, 7 a; b i^y* > S ( 

4 0) co^*lfrcoSt^Jc^it^fIfiJc^^tTv^ 0 
[ 0 0 4 0 ] 

flg^v^JB (2 8) Jil^7jHij^AKB (4 0) frfifclHU ±?M± ^^7 7 M ( 
2 8) ^xyf>yt& B x-7f>7tt:^ 7i FVy^H^i^t^o ^0/:^? 

IBuvX;? LT&IEU ^'JT&JiJg (2 4) jsJ^rvf-fca-Xg (2 
2) <pxy f-yymz&tfZ, J^yJ-y 7*?7 7 t LXmfc-t%>« A U Ti, T a , T a 

N, &xxf, t i 7y?7Ty (w) &jKM£jr i £ £ «t 

»K P VMUiviiZfAT^i (&?2 5 nm-l)5 0 nm) i!Tco £.g 
B (2 4) ^xyfv^^LTiQgV^^ (2 8) k LX, & Z t 1>X% 2> a 

7 y ?7t ymwM^z. t k x ^ , 7 * h uy^ h^^^&^v^gfeit^ 

B££U #g%Jf±(i#mMft£#feg-^&^4-<, (2 4) §:xyfym 

^^i£n &mm (24) g)xyf >»!i ? > 7 77- s 

F k ^t?^^ffltfeE)Si^^->J.yf->^ (R I E) C^Tx^fym)^ 

& n fete? y 77^yf)^^hm^7 7\t, -k%*3-v rWR^^tzt, 

•thtbK^ r^)V7 7 7%-t;ymry^tx.-xm (22) ^itst (k) ^» 
i m % h-tl z> r £ % < > ^gg * x ? f> j?- 1# & t nrt^fe^ b -to 

[ 0 0 4 1 ] 

7Q^y^f (4 0) t?)|&jr?£fct*> tVM ^ (A, JgnvT, ^ (2 8) Mltxy 

> » miA7y±t*^ T^Mfrm ?^Tv^„ B l A j3 J: t^ia l B g ^^^Mi 
j^r-y 7° ^^^mc0 , B5 Cy) 7>ft:^-^K^ITV^ 0 
[ 0 0 4 2 ] 

06A~06C(±, m 2 A jo J: B <P7>ft:a-X (3 0) tiL, fi7"n^7 
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[ 0 0 4 3 ] 

06 AK^tX HI 2 AJiiMlB.^ 7>f t (3 0) li, ^y^7,fy7° 

9^ (20) tmmm (is) t<7)±^, /^jt^jss (32) ^iit^^ti^ot 

[ 0 0 4 4 ] 

0 2 Ai3 J:^12 Bt*. fjfjlPfl^^jgkg^-ry 7°£ff o feflH:: J3tt& , 16C^) 7 >fta 
-X (3 0) c7)|fjt^^tTU^ 0 
[ 0 0 4 5 ] 

07A~07C{i, |g3 Aj3.fcO ? |g3B <P7>^t:j--X (5 0) CiU M^nt^ 

it, 05 A-05 CKB'?7°v J tXV>]£&tmftL'?$>&i>e)<0, M3 AisX 0^0 3 B Ktf 
tX *>%T^4 Xi)mt>ti& a 
[ 0 0 4 6 ] 

0 7 CK^Xit, 7* h l/y^ h (4 0) it, IJ^^^^r'? 7°£{£ 
fflLT, |}&m*£tlT^& 0 if ( 2 4 - 3 6 ) ^\ E£t:x y f- > MiUfcB 
(3 4) 7 >f-^-X?fJi££1-fM£<7)Jl ( 3 6 , 2 2, 3 8, 2 4 ) ±C*V>T 
, «S (18) <7)»{liB±^^ViT, ^H ^tlT^& o -e«7)^ «fft£v7 

^Uf^j;yx7f>^f (s^^T) ^mitc-tot, mmm (34) 

fei^flg^v;^ (2 8) (MlbM^^MIvivA^^) , MMffi 1® ^ * ^ 
j£1-*o (2 6) *frftS (3 4) ±K, &Xlf, ^ffll®^ 

ftfc, fi£Jl1-4o iSfflll^Ciot, ^''J7Mi (2 4) H^fLT^m 

&m&Wttfftt>tl&o ^IX'7f-/^f'7 -ftnfctiXDl&mt LX, ( 

42) *, 7 O 'J V 77 7 ^ - jil^f Mt^ i 1 1: <t oTilfflSSll ( 
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